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THE  READING  COMBINATION  FROM  THE  STANDPOINT  OF 

THE  MINER. 

The  following  article  is  an  endeavor  to  examine  the  effect  of  a 
union  of  interests  upon  the  mining  industry,  without  regard  to 
the  personality  of  the  parties  who  form  the  union,  their  motive 
for  so  doing,  or  the  bearing  of  that  union  upon  the  body  of  con- 
sumers of  the  product  mined.  It  will  have  no  effect  on  the  end 
reached  that  the  product  is  anthracite  coal,  as  it  may  be  any 
other  economic  substance,  though  a point  will  be  raised  during 
the  treatment  of  the  topic  that  will  be  based  on  the  fact  that  it  is 
anthracite  that  is  mined.  In  this  discussion  the  writer  endeavors 
to  put  out  of  sight  the  fact,  that  opposition  to  the  combination 
has  been  made,  and  efforts  to  break  it  have  been  set  in  operation. 
The  deductions,  therefore,  will  be  beyond  the  reach  of  criticism 
from  the  standpoints  that  have  been  excluded. 

The  facts  of  the  case  are  that  the  Reading  management  has 
obtained  control,  directly  or  indirectly,  of  the  greater  part  of  the 
anthracite  producing  mines;  it  has  raised  wages  and  cost  of 
product,  and  means  to  continue  to  hold  the  power  now  possessed. 
This  article  is  written  to  show  from  the  standpoint  of  the  miner 
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that  such  a combination  is  needed  for  anthracite  coal  in  particular, 
and  that  it  would  be  well  if  all  mining  interests  were  consoli- 
dated, preferably  in  the  hands  of  the  government,  as  present 
methods  of  mining  are  wasteful,  lawless,  and  governed  more  by 
policy  than  by  justice  and  common  sense.  Here  and  there  are 
brilliant  exceptions,  but  these  only  prove  the  rule  to  be  as  stated. 
In  other  words,  here  is  another  case  where,  in  a free  people, 
liberty  has  degenerated  into  license.  It  will  be  necessary  to 
review  the  subject  for  many  years  past  under  the  heads  of 
mining,  supplies,  expenses  and  labor,  and  we  may  find  that  the 
alleged  “Robber  Barons”  are  subjects  rather  of  commiseration 
than  envy. 

First,  when  the  mines  were  opened,  there  was  a great  demand 
for  coal,  and  the  land  owners  worked  their  properties  or  leased 
them  at  high  royalties  to  corporations  or  individuals.  The  State 
imposed  no  restrictions  or  burdens,  and  each  one  mined  as  he 
chose.  The  outcrops  were  intact,  the  body  worked  was  near  the 
surface,  so  that  haulage  was  at  a minimum,  as  were  pumping, 
ventilation,  and  timbering.  As  the  mines  extended,  the  periphery 
of  the  workings  became  longer,  and  the  area  excavated  larger. 
The  exhaustion  of  upper  beds  required  deeper  shafts  and  slopes, 
tunnels  through  rock,  and  other  classes  of  “dead,”  or  unpro- 
ductive work,  as  well  as  larger  and  more  expensive  plant  for 
haulage  and  hoisting,  while  the  extension  of  the  workings  in 
area  and  depth  necessitated  larger  machines  to  meet  the  increas- 
ing water  and  foulness  of  air. 

Second,  the  timber  supplies  were  obtained  with  a minimum  of 
cost,  as  the  countty  was  generally  wooded  when  mining  began. 
Little  timber  was  required  in  comparison  with  what  was  after- 
wards necessary,  as  there  w*as  by  no  means  so  great  a body  of 
rock  to  support  near  the  outcrop  as  when  the  mines  were  deeper. 
As  the  supply  in  the  neighborhood  became  exhausted,  the  costs 
were  raised,  and  the  additional  item  of  transportation  tolls  to 
bring  the  supply  from  a distance  was  added.  In  this  item,  there 
has  been  a grradual  increase  from  the  time  of  commencement  to 
the  present  day,  and  this  increase  has  been  extended  to  other 
items.  In  another  way,  the  amount  of  timber  needed  has  been 
increased,  as  the  increased  depth  from  the  surface  required  a 
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greater  proportion  of  timber  per  ton  of  mineral  mined,  as  will  be 
shown  more  fully  under  the  head  of  expenses ; the  size  and  qual- 
ity of  the  timber  has  become  a matter  of  the  first  importance,  so 
that  the  cost  has  been  greatly  increased,  and  in  some  cases  has 
become  almost  prohibitory.  Attempts  have  been  made  to  sub- 
stitute some  other  material,  or  change  the  method  of  mining. 

Third,  under  expenses,  will  be  grouped  a number  of  subjects 
that  bear  upon  the  cost  of  the  mineral  at  the  surface,  and  ready 
for  shipment.  As  the  matter  now  stands,  there  has  been  nothing 
said  about  repairs  or  replacement  of  stock  or  plant.  If  a mine 
once  opened  would  keep  itself  open  after  it  has  been  once  secur- 
ed, the  matter  would  be  much  simplified;  but  the  fact  is  that 
there  never  comes  a time,  till  the  whole  area  has  caved  in,  when 
anything  like  security  can  be  felt.  For  a time  after  the  opening 
of  the  gallery  or  working  place,  there  is  a season  of  quiet  till  the 
superincumbent  masses  settle  upon  the  timber  or  pillars  left  for 
their  support.  If  the  supports  are  insufficient,  they  must  be 
strengthened,  or  there  will  enter  a new  item  into  the  account — 
that  of  loss  from  caving  in  of  the  excavation,  and  the  attendant 
losses  from  inability  to  work  that  part  of  the  mine,  as  well  as  the 
cost  of  replacing  the  necessary  supports  after  reopening  the  work- 
ing places.  In  case  the  first  supports  are  sufficient,  we  must  be 
on  the  watch  for  decay  of  timber,  disintegration  of  roof  or  floor, 
or  movement  of  either  that  will  endanger  the  .stability  of  what  is 
already  in  place.  If  the  rock  is  sand.stone  it  will  not  be  affected 
by  the  dampness  in  the  air;  but  if  it  be  of  a clayey  nature,  we 
shall  have  swelling  of  the  top  or  creeping  of  the  bottom.  If  none 
of  these  occur,  we  shall  have  the  timber  rot  with  time,  and  more 
quickly  in  proportion  to  want  of  proper  ventilation.  It  may  be 
that  the  surface  is  worthless  and  need  not  be  supported ; but  this 
will  not  be  the  case  where  surface  rights  are  valuable,  or  where 
bodies  of  water  will  enter  through  the  cracks  made  by  settling. 
The  timber  must  be  replaced  from  time  to  time  throughout  its 
whole  extent,  and  its  cost  increased  as  supplies  become  scarcer, 
or  as  labor  is  more  valuable.  In  the  same  way  the  haulage  ac- 
count will  be  increased,  in  addition  to  the  items  already  given, 
by  the  wear  of  track  and  wagons  and  their  replacement.  In  case 
mechanical  motors,  or  swift  .systems  of  haulage  are  employed,  a 
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heavier  rail  and  a more  strongly  built  track  become  obligatory, 
and  all  must  be  replaced  and  repaired  from  time  to  time.  In 
some  cases  where  the  mine  is  an  old  one,  and  of  great  extent, 
there  will  be  direct  haulage  of  over  a mile  from  working  face  to 
foot  of  shaft  or  slope.  The  same  argument  can  be  applied  to 
repairs  of  shafts,  motive  power,  and  all  things  that  combine  to 
bring  the  mineral  to  daylight.  By  and  by,  the  state  made  its 
appearance  as  an  imposer  of  certain  necessary,  and  some  very 
unnecessary,  conditions  that  added  to  the  cost  of  working,  such 
as  twin  openings:  a minimum  of  air  supply:  a regular  police  of 
the  mine,  and  an  accurate  surv'ey  for  the  inspector’s  map,  as  well 
as  many  minor  thorns  in  the  flesh — necessary ; but  unpleasant 
and  expensive. 

When  we  think  of  the  cost  of  a substance,  we  too  often  stop 
with  those  operations  that  bear  directly  upon  its  creation.  The 
cost  of  a ton  of  mineral  includes  a living  and  a dead  load.  The 
living  load  comprises  all  costs  that  bear  directly  upon  the  getting 
it  to  the  dump,  such  as  mining,  haulage,  hoisting,  pumping,  venti- 
lation and  stocking  or  loading  on  cars.  The  dead  load  is  inde- 
pendent of  the  quantity  mined,  and  exists  as  long  as  mining 
operations  continue,  or  until  the  mine  in  abandoned.  This 
includes  interest  on  capital ; all  sinking  funds,  fixed  salaries,  office 
and  clerical  expenses  and,  in  the  case  of  an  unworked  mine  that 
must  be  kept  open,  fuel  sufficient  to  furnish  steam  for  pumping 
and  getting  supplies  into  the  mine,  an  extra  force  for  police  of 
mine  and  for  repairing  and  keeping  open  working  places.  In  the 
case  of  a mine  worked  on  full  time,  the  miners  act  as  police,  and 
each  man  keeps  in  repair  his  own  place,  and  notes  points  of  dan- 
ger as  he  goes  in  and  out,  and  gets  his  pay  only  for  the  amount 
mined.  In  other  words,  the  mineral  bears  these  expenses,  and 
changes  them  from  the  dead  to  the  living  account.  If  the  firm 
has  a number  of  mines  and  one  is  idle,  the  working  mines  carry 
the  idle  one  on  their  backs.  If  one  ton  of  coal  per  day  is  taken 
out  of  one  of  five  mines,  it  must  bear  the  total  of  the  loads.  If 
1500  tons  are  taken  out  of  each  of  the  five,  the  7500  tons  divide 
the  living  load  only,  as  these  is  no  dead  one,  and  the  chances  of 
a profit  is  plainly  seen.  This  subject  is  developed  thus  thor- 
oughly, as  the  state  of  the  Anthracite  region  will  be  discussed 
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under  this  head,  and  the  cause  of  loss  in  mining  shown.  There 
are  other  subordinate  items  that  might  be  noted  would  the  limits 
of  this  article  permit. 

Fourth,  labor  is  the  straw  that  has  broken  the  back  of  the 
anthracite  camel.  Beginning  with  the  opening  of  the  mines,  we 
find  a demand  for  coal  and  labor.  To  discuss  the  labor  question, 
we  must  know  what  is  required  of  the  miner.  “Winning”  coal 
may  be  divided  into  “dead”  and  “paying”  work.  The  former 
comprises  all  drivages  where  the  mineral  obtained  does  not  pay 
for  the  work  ; the  latter  where  the  opposite  obtains.  The  former 
includes  the  reaching  and  developing  the  deposit  by  shafts,  slopes, 
or  levels ; the  latter  consists  in  “breaking  it  down”  so  that  it  can 
be  handled.  Workmen  in  the  former  are  paid  by  the  “shift,”  or 
by  the  distance  driven,  and  frequently  such  work  is  done  by  a 
firm  who  obtain  a contract  by  a successful  bid,  so  that,  generally, 
“ rock  men  ” make  good  wages  in  any  condition  of  the  trade,  as 
their  own  bids  fix  their  income.  Workmen  in  the  latter  are 
called  “ miners,”  and  to  one  or  two  is  given  the  care  of  a “ room,” 
“breast,”  etc.,  and  they  furnish  all  supplies  for  “breaking  down” 
coal,  lay  all  tracks,  and  set  all  timber  from  supplies  hauled  by 
the  company  to  the  mouth  of  their  rooms.  A certain  number  of 
empt}'-  cars  (varying  with  the  market)  are  hauled  daily  to  the  face 
of  the  room  at  stated  times,  and  the  men  are  paid  a certain  price 
for  each  car  when  filled  to  a given  mark.  Their  income,  there- 
fore, depends  on  the  number  of  cars,  and  that  varies  with  the 
market.  They  can  hire  all  the  labor  they  require,  they  need  do 
no  more  than  superintend  such  labor.  The  time  necessary  to 
break  down  the  coal  to  fill  these  cars  depends  on  the  dip  and 
thickness  of  the  bed,  its  nature,  and  the  width  of  the  room.  In 
the  best  cases  the  work  can  be  done  in  a few  hours  ; in  the  worst, 
and  where  much  timber  must  be  set,  the  miner  will  be  kept  busy 
eight  or  ten  hours.  The  writer  has  been  told  of  cases,  in  the 
golden  days  of  anthracite,  where  the  miner  went  to  California 
while  his  laborers  filled  the  cars.  He  knows  some  who  came 
with  pick  and  shovel,  and  who  are  now  wealthy.  They  have 
been  mayors  of  cities,  sheriffs  and  treasurers  of  counties,  presi- 
dents of  banks,  of  colliery  companies,  and  of  iron  works.  Their 
children  are  college-bred  and  “ in  society.”  It  was  so  easy  for  a 
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good  miner  to  make  money  by  a short  spell  of  hard  work  ; so 
much  easier  than  in  other  occupations  that  a man  who  has  once 
been  tarred  with  a mining  brush  can  never  rub  it  off.  They 
may  undertake  other  tasks,  but  the  work  will  be  more  confining, 
and  wages  smaller  in  proportion  to  the  time  spent,  and  back  they 
go  to  swell  an  already  overcharged  labor  market. 

To  resume,  the  multiplication  of  collieries  produced  an  over- 
crowded market  for  both  coal  and  labor,  and  the  prices  of  both 
fell.  The  operators,  during  the  latter  part  of  the  ’6o’s,  among 
other  retrenchments,  cut  wages  to  meet  their  diminished  receipts 
and  the  increase  in  costs  mentioned  before.  Then  came  the  great 
organization  that  struck  successfully  for  the  “ sliding  scale  ” of 
wages.  That  success  encouraged  succeeding  strikes,  and  was 
the  cause  of  the  present  condition  of  mining  labor  in  the  coal 
regions.  In  1869  the  country  was  shocked  by  the  terrible  dis- 
aster at  Avondale,  and  during  the  following  year  the  Pennsyl- 
vania Legislature  enacted  the  “Ventilation  Law,”  which  increased 
the  burden  of  the  operators  by  compelling  them  to  have  two 
distinct  openings  to  everj'  bed  worked ; to  pass  a minimum 
supply  of  air  through  the  workings  per  capita ; to  maintain  a 
police  system  for  the  detection  of  fire  damp,  and  to  make  con- 
siderable expenditures  for  surveys  and  maps.  Some  operators 
were  earning  so  little  that  it  was  cheaper  to  allow  their  mines  to 
fill  with  water  than  to  make  the  second  opening;  others  were 
compelled  to  make  it  or  lose  their  capital.  The  expenses  were 
thus  greatly  increased  and  the  profits  diminished.  Then  came 
the  depression  of  1872-3.  Many  mines  were  closed.  Others 
were  opened  under  leases  that  called  for  greatly  diminished 
royalties.  These  latter,  with  small  expenses  for  haulage,  pump- 
ing, and  ventilation,  were  alone  able  to  make  profits.  During 
the  times  of  prosperity  the  great  companies  were  formed.  They 
had  bought  extensively  and  leased  at  high  royalties.  Their  time 
for  moderate  expenses  passed  long  ago,  and  over  some  of  them 
the  cloud  that  settled  in  1872  has  never  lifted,  as  the  depression 
affected  the  iron  manufacturers  of  the  country,  forcing  some  to 
shut  up,  and  compelling  the  survivors  to  change  their  methods. 
When  prosperity  came,  coke  had  taken  the  place  of  anthracite, 
and  it  has  steadily  been  forcing  it  from  its  former  position. 
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The  miners  met  the  cut  in  prices  by  strikes  that  generally 
failed,  and  worse  than  failed,  as  their  end  did  not  place  their 
authors  in  their  old  working  places.  Those  places  were  filled  by 
outsiders  who  did  not  take  to  heart  the  lesson  of  which  they 
were  the  exponents,  but  struck  to  give  places  to  others.  When 
the  neighborhood  had  been  exhausted,  the  country  at  large  was 
drawn  upon,  and  finally  the  Old  World  sent  its  dregs  to  enlarge 
the  already  swollen  labor  body.  Not  long  ago  a report  of  one 
of  the  great  companies  showed  three  times  the  number  of  miners 
in  its  district  than  were  necessary  to  run  all  the  mines  on  full 
time.  It  also  showed  that  the  company  lost,  during  the  year,  a 
few  cents  on  each  of  the  millions  of  tons  it  had  mined.  We 
have  partially  studied  the  subject  of  “dead  loads”  in  the  expense 
column.  There  is  a demand  for  a certain  amount  of  coal  per 
annum,  and  there  are  three  times  as  many  men  as  can  work.  If 
we  could  take  the  cheapest  third  and  set  all  the  mines  going  on 
full  time,  the  output  would  double  the  demand.  We  must  take, 
therefore,  but  one-sixth  of  the  men,  and  either  place  them  in  one- 
half  the  mines,  which  we  will  run  on  full  time,  or  we  must  dis- 
tribute them  through  all  the  mines  and  work  them  at  such  a pro- 
portion of  full  time  that  the  output  will  equal  the  demand.  The 
former  method  would  be  best  for  operators  and  miners,  if  the 
abandoned  mines  would  take  care  of  themselves.  But,  as  we 
have  seen,  this  is  impossible.  The  only  way  out  of  the  trouble 
is  the  one  taken  by  the  Reading  management  in  uniting  all 
anthracite  interests.  Let  us  investigate  the  subject  under  the  head 
of  saving  in  cost  of  mining  when  the  mines  are  contiguous. 

It  is  a matter  of  indifference  whether  we  are  working  beds  or 
veins,  as  long  as  we  have  a number  of  mines  in  the  same  district, 
with  a general  relative  location  to  the  drainage  level  of  the 
country.  If  these  mines  are  worked  by  individuals,  they  must 
be  separated  by  boundary  pillars,  and  as  completely  isolated  as 
the  circumstances  will  allow.  Each  mine  must  have  its  separate 
plant  for  hoi.sting,  ventilating  and  pumping,  its  side  tracks  for 
loading,  its  lands  for  dumping  refuse,  and  the  thousand  and  one 
minutiae  that  obtain  in  a mine  of  the  first  class.  Some  may  have 
less  water  to  pump  than  others,  or  the  location  of  the  ground 
allows  an  adit  for  drainage  or  haulage.  The  advantages  of  one 
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do  not  affect  the  others  in  the  least,  while  the  accidents  of  one 
may  be  communicated  to  those  adjacent.  By  the  separate  system, 
there  are  evils  that  are  unbalanced  by  benefits  of  any  kind.  If 
we  can  combine  these  mines  under  one  management,  by  purchase 
or  confederation  we  can  make  use  of  the  advantages  of  each  to 
benefit  the  whole,  and  can  make  the  advantages  conduce  to  the 
general  profit,  if  the  mines  are  owned  by  one  company,  or  can 
tax  the  mines  for  the  advantages  they  obtain  from  the  favorable 
conditions  of  others  in  the  combination,  and  let  this  sum  offset 
the  dues  exacted  from  such  favored  mines.  In  case  an  extended 
work  will  afford  \'entilation  or  drainage,  or  haulage,  or  methods 
of  mining  of  a more  efficient  nature,  we  can  tax  each  mine  for 
its  quota  of  capital  to  do  the  work,  and  let  each  have  the  ad- 
vantage of  the  new  system.  We  can  cut  off  numbers  of  names 
from  the  pay  rolls,  dispense  with  certain  openings,  and  concen- 
trate our  work  of  hoisting  to  those  places  where  it  can  be  per- 
formed most  cheaply;  clear  the  refuse  from  certain  lands  and  use 
for  dumping  only  lands  that  are  worthless,  and  in  many  other 
ways  concentrate  our  work  and  cut  down  expenses.  Our  supplies 
will  cost  us  less,  because  we  buy  in  very  much  larger  quantities, 
and  the  concentration  of  plant  will  diminish  their  amount  and 
the  cost  of  production.  In  the  case  of  the  anthracite  mines  in 
a given  basin,  we  can,  perhaps,  put  through  an  extended  drainage 
adit  that  will  do  away  with  pumping  above  a given  level,  and 
allow  us  to  accumulate  water  for  motive  power  to  pump  all  water 
that  forms  below  the  level  of  the  adit.  If  the  water  supply  is 
sufficient,  we  can  utilize  it  to  hoist  ore  from  the  mine  below  the 
adit-level.  The  waste  water,  in  both  cases,  will  run  out  of  the 
adit.  The  number  of  upper  mine  superintendents  will  be  cut 
down,  and  each  one  retained  will  have  a number  of  mines  that 
will  be  worked  in  common,  and  the  work  will  be  laid  out  so  as  to 
cover  the  whole  area  mined,  and  will  not  stop  at  the  boundaries 
of  each  small  property.  This  will  cut  down  mining  expenses. 
In  case  there  are  chances  to  strip  land  and  work  open-cut,  such 
work  can  be  done  in  connection  with  underground  mining  in  the 
neighborhood,  so  as  to  dispose  of  the  overburden,  and  diminish 
haulage  and  dumping  expenses  for  its  removal.  The  curtailment 
of  expenses  and  concentration  of  work  will  result  in  a saving  of 
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money  and  greater  profit  for  the  company,  as  well  as  better  wages 
for  the  miners.  It  may  be  possible  for  a large  company  to  devise 
new  methods  for  saving  waste  in  mining,  as  a large  company  can 
afford  to  spend  money  in  experimenting,  while  a small  operator 
would  be  obliged  to  attend  strictly  to  business  in  order  to  make 
both  ends  meet  under  competition.  Lastly,  and  by  no  means 
the  least  of  the  savings,  there  would  be  no  competition  to  unsettle 
trade.  If  all  the  mines  that  produced  a certain  product  of  an 
acquired  value  were  controlled  by  one  management,  the  market 
would  be  kept  supplied  and  never  glutted,  the  miners  would  be 
in  clover  and  have  as  good  wages  as  the  company  could  afford 
to  pay.  As  the  value  of  the  product  is  acqinred,  it  could  never 
go  above  the  price  created  by  the  demand,  and  the  company 
could  make  great  profits  by  cutting  down  expenses.  The 
Standard  Oil  Company  is  an  example  of  such  a combination. 
Although  there  has  been  a series  of  fortunes  made  by  the  mem- 
bers of  the  company,  and  though  the  workmen  have  had  all  the 
work  they  wanted  and  have  also  made  money,  the  public  has 
also  benefited  by  the  reduction  in  the  price  of  the  commodity, 
by  the  curtailment  of  expenses  along  the  lines  noted  above,  and 
by  devising  new  and  cheaper  methods  for  doing  the  work.  In 
this  way  we  can  see  that  a combination  by  the  Reading  .Company, 
or  any  other  company  that  could  control  the  whole  of  the  an- 
thracite mines,  would  not  be  an  unmixed  evil.  It  might  raise  the 
cost  of  coal  at  first  till  it  paid  to  mine,  and  then  it  would  exhau.st 
the  mines  now  in  operation,  and  not  open  new  ones  till  there 
was  a demand  for  them.  In  this  way  there  would  be  no  dead 
expenses  to  be  carried  by  working  mines,  as  all  the  -mines  would 
be  at  work,  and  all  the  men  in  them  would  have  full  time.  In 
time  there  would  be  no  idle  mines  and  no  dead  load  in  the 
expense  column,  so  that  the  cost  of  the  product  could  be  reduced 
and  a profit  still  made.  At  present  the  only  way  out  of  the 
tangle  is  for  the  companies  to  restrict  product  and  raise  the  price 
of  coal.  With  a rigid  combination  that  • controls  the  whole 
anthracite  region,  we  shall  have  no  opening  of  new  collieries; 
but,  as  some  of  those  now  working  become  exhausted,  we  shall 
find  better  times  coming  for  the  operatives  in  the  remainder, 
until  the  output  of  all  the  collieries,  when  on  full  time,  equals 
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the  demand,  and  then  we  shall  have  prosperity  for  Capital  and 
Labor.  Labor,  however,  must  have  learned  its  lesson,  and  must 
show  that  it  has  been  learned,  by  restricting  the  number  of 
operatives  and  by  stopping  the  senseless  practice  of  killing  the 
goose  that  lays  the  golden  eggs  — striking. 

The  last  point  is  that  the  price  of  anthracite  can  never  be 
unduly  raised,  as  our  vast  fields  of  bituminous  coal  stand  ready 
to  flood  the  market  when  hard  coal  reaches  a certain  figure. 
It  costs  less  to  mine  and  ship  soft  than  hard  coal  and,  beyond 
this,  the  control  of  the  soft  coal  and  coke  trade  lies  in  the  hands 
of  an  enemy  of  the  combination — the  Pennsylvania  Railroad. 
Even  with  a low  price  for  anthracite,  it  has  been  driven  out  of 
many  industries  by  coke,  and  an  increased  price  means  extended 
victories  for  the  latter,  if  not  a flooding  of  the  market  by  bitu- 
minous coal.  Edward  H.  Williams,  jr. 


A DETERMINATION  OF  THE  ECCENTRICITY  OF  A SEXTANT. 

There  is  a ver\^  large  class  of  observations,  wherein  an  ex- 
tremely light  and  portable  instrument  is  desired,  but  one  which 
must  give  reliable  results  within  the  limit  of  accuracy  of  such 
work.  At  the  same  time  it  must  be  easily  handled,  and  not  so 
constructed  as  to  complicate  the  reductions  with  instrumental 
errors  difficult  to  investigate. 

The  Sextant  fills  this  place  so  well  that  it  has  become  almost 
indispensable  to  the  explorer  and  navigator.  The  former  finds 
that  with  it  he  can  easily  and  rapidly  determine  the  approximate 
latitude  and  time,  and  the  latter  finds  it  indispensable  for  deter- 
mining, not  only  these,  but  the  longitude  of  his  ship  also  when 
it  becomes  necessary. 

Although  not  usually  relied  on  for  very  exact  work,  it  has  been 
shown*  that  a surprising  degree  of  accuracy  can  be  obtained  with 

* “ The  correction  of  Sextants  for  eccentricity  and  graduation,”  page  33, 
(Published  by  the  Smithsonian  Institution,  1890).  See  also  “The  Sextant,”  by 
W.  H.  Simms,  (Published  by  Trough  ton  & Simms,  158  Fleet  Street,  London. 
1858.)  for  a thorough  discussion  of  the  subject. 
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this  instrument,  when  the  errors  have  been  properly  investigated. 
Most  of  them  have  so  small  an  effect  that  with  a good  sextant 
their  investigation  is  unnecessary  for  the  kind  of  work  which  will 
be  ordinarily  undertaken,  but  with  the  error  known  as  eccentricity 
it  is  quite  otherwise. 

This  is  an  error  due  to  the  centre  about  which  the  alidade 
revolves  not  being  in  the  exact  centre  of  the  graduated  arc.  Its 
effect  is  very  noticeable,  even  in  rough  observations.  In  a special 
instrument,  “ upon  which  extraordinary  pains  were  bestowed,”*  it 
produced  an  error  of  twenty  seconds  of  arc,  while  in  ordinary 
instruments  it  varies  from  this  up  to  five  minutes.  The  latter 
value  would  give  rise  to  an  error  of  ten  minutes  of  time  in  observ- 
ing, say  a lunar  distance  for  longitude,  which  might  make  the 
final  result  wrong  by  nearly  twelve  miles,  even  were  the  measure- 
ments made  with  perfect  accuracy. 

These  errors  are  not  surprising  when  we  consider  that  a mis- 
placement of  but  one  one-thousandth  of  an  inch  in  the  position  of 
the  centre  might  produce,  in  a sextant  of  seven  inch  radius,  an 
error  of  more  than  fifty  seconds  of  arc. 

There  has  been  an  instrument  invented  for  determining  these 
effects  of  eccentricity,*  but  it  is  usually  done  by  measuring  the 
altitudes  of  stars  or  the  distances  between  them.  The  angles  thus 
obtained  with  the  sextant  are  compared  with  their  true  values, 
and  the  eccentricity  computed  from  the  errors  thus  found. 

Suppose  a straight  line  drawn  between  the  two  centers  and 
prolonged  until  it  meets  the  graduated  arc. 

Let  a be  the  number  of  degrees  between  the  zero  point  of  the 
limb  and  the  point  of  intersection. 

Let  be  the  distance  between  the  two  centers,  measured  in 
seconds  of  arc  on  the  limb. 

Let  u be  the  true  value  of  an  angle,  and  its  value  as  obtained 
by  measurement:  we  will  have  the  formula: 

u — = /\£"  sin  u cos  ti  — o ) (i) 

which  becomes  by  expanding  cos  u — a ) 

u — «'  = (4  e"  cos  a ) sin  u cos  ^ « -j- 

(4  e"  sin  a ) siji  “ ( (2) 

* See  “ The  Correction  of  Sextants,”  before  referred  to. 
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In  this  equation  e"  and  a are  the  unknown  quantities.  Two 
observations  would  be  sufficient  for  their  determination,  though 
of  course  many  more  are  taken,  and  the  results  combined  by  the 
methods  of  least  squares.  It  is  also  best  to  introduce  a new  un- 
known quantit>"  z,  to  represent  all  constant  errors  not  due  to 
eccentricity.  This  will  usually  be  largely  made  up  of  the  con- 
stant error  the  observer  makes  in  determining  the  Index  correc- 
tion. 

We  will  write  4 e”  cos  a = a'  ; 4 e"  sin  a =y  \ u — — N.  (3) 

Then  (2)  becomes  {sin  ^ ucos  ^ li)  x + {sht^  ^ ti)y  -\-z  = N.  (4) 
where  the  quantities  in  parenthesis  and  the  absolute  term  may  be 
computed  for  each  star. 

I.  To  determine  the  value  of  u. — If  we  are  measuring  the 
altitude  of  a star,  u will  evidently  be  it’s  true  double  altitude  + 
twice  the  displacement  due  to  refraction  ± the  index  correction, 
since  u represents  the  reading  we  should  obtain  with  our  sextant. 

Considering  the  spherical  triangle  formed  by  the  zenith,  the 
pole,  and  the  star,  we  may  write  at  once 

cos  h cos  a — cos  6 cos  t sin  q,  — sin  a cos  ^ 
cos  Ji  sin  a = cos  s sin  t 

sin  h = cos  <j  cos  t cos  <j,  -)-  sin  d sin  © 

which  equations,  adopted  to  logarithmic  computation  in  the  usual 
way*,  become 

tan  M = tan  s sec  t 
tan  a = cos  M tan  t cosec  ( <f,  — M) 
tan  h = cos  a cot  ( p — M) 
cos  M cosec  ( © — J/)  = cos  cos  t sec  h sec  a 

w'here  s and  a are  the  declination  and  right  ascension  respectively, 
as  found  from  the  ephemeris ; a and  M may  be  regarded  as 
auxilliary  quantities ; <j,  is  the  latitude,  which  may,  if  necessary, 
be  deduced  from  the  observations  themselves ; h is  the  true  alti- 
tude, and  t is  the  hour  angle,  from  the  equation 

t=e  — a (6) 

where  e,  the  sidereal  time,  must  be  known. 

* Chauvenet’s  “ Spherical  Trigonometry,”  Art.  70,  ei  seg. 
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The  effect  of  refraction  is  to  increase  the  altitude.  Its  value 
is  found  by  the  equation 

r = k tan  z b.s.t.  (7) 

Where  z is  the  zenith  distance;  k is  a.  factor  varying  with  2: ; 
b,  s and  t are  also  varying  factors,  which  depend  upon  the  read- 
ings of  the  barometer,  the  thermometer  attached  to  it,  and  the 
detached  thermometer  respectively.  The  values  of  these  factors 
are  given  in  tables,  where  the  argument  is  usually  h,  as  found 

by  (5)- 

Lastly,  the  index  correction  is  found  by  taking  several  readings 
on  a star  in  the  usual  way. 

We  will  then  have 

2 {h  r)  ±L  I = u.  (8) 

The  problem  is  not  quite  so  simple  a one  when  we  are  measur- 
ing the  distances  between  two  stars.  This  is  because  we  must 
determine  the  effect  of  refraction  upon  their  right  ascensions  and 
declinations  before  applying  the  formula  for  distance;  otherwise 
we  would  obtain  the  true,  and  not  the  apparent,  distance  between 
them. 

From  the  spherical  triangle  we  have  just  been  considering  we 
may  deduce  the  following  formulae,  wherein  q is  the  angle  at  the 
star : 

tan  Ni  = cot  ^ cos  t, 

tan  q = sm  tan  t sec  (6  + N^),  , s 

ta7i  z = cot  {^6  Ar  sec  q, 

sin  N-i  sec  {s  = cos ^ cos  z sec  q. 

We  thus  obtain  z and  q,  when,  by  (7),  r may  be  found.  The 
effect  of  r in  a and  j is  then  found  from  the  differential  formulae.* 
d6  = — r cos  q,  X 

d a = — r sin  q sec  <5. 

These  corrections  must  be  applied  to  the  values  of  a and  j as 
found  from  the  Nautical  Almanac.  They  must  of  course  be 
separately  computed  for  each  star:  the  new  values  thus  obtained 
are  the  ones  to  be  used  in  computing  the  distance.  The  formulae 
is  merely  the  solution  of  a spherical  triangle,  formed  by  the 
two  stars  and  the  pole. 


* Doolittle’s  Practical  Astronomy,  Art.  87. 
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Letting  a and  6 be  the  corrected  right  ascension  and  declination 
of  one  star,  and  a*,  rf*  those  of  the  other  we  will  have 

tan  = cot  6 cos  ( a"  — a ) 
tan  B — sin  tan  ( a — o ) sec  {N^  T rf')  / \ 

tan  d — cot  -{■  sec  B 

sin  sec  {N^  T d')  = cos  <5  cos  ( d — a ) cosec  d sec  B 

The  last  equation  here,  as  well  as  in  (5)  and  (9)  enables  us  to 
prove  our  work. 

VVe  thus  obtain  d which  is  the  apparent  distance.  Then 

21  = d dz  I (12) 

2.  To  determine  the  co-efficients  of  X AND  y. — The  value 
of  u,  as  determined  from  equations  (12)  or  (8),  is  the  true  value 
of  the  measured  angle.  The  error  due  to  eccentricity,  however, 
must  not  be  applied  as  a correction  at  this  point  of  the  arc,  but 
at  the  point  where  the  coincidence  of  the  vernier  and  limb  takes 
place.  We  might  set  off  on  the  graduated  arc  the  angle  u,  and 
observe  wdiere  this  fell.  It  is  the  best  way,  however,  to  observe 
at  what  point  there  is  coincidence  for  each  reading  taken.  The 
mean  of  these  gives  the  value  of  u to  be  used  in  computing  our 
coefficients. 

3.  To  determine  the  absolute  term. — In  the  measurement 
of  angles  for  the  determination  of  the  observer  should  un- 
hesitatingly reject  all  which  do  not  come  up  to  what  he  considers 
as  the  best  work  of  which  he  is  capable  under  the  given  condi- 
tions. For  it  is  evident  that  if  the  corrections  are  carelessly 
determined,  it  is  useless  to  attempt  accurate  work  with  the  instru- 
ment afterw'ard. 

However  carefully  subsequent  observations  may  be  made,  the 
result  will  be  subject  to  the  errors  to  be  found  in  the  table  of 
corrections. 

These  remarks  apply  to  the  determination  of  all  instrumental 
errors. 

The  index  correction  should  be  carefully  determined  several 
times,  and  if  it  is  found  to  have  varied  considerably  at  any  one 
time,  the  observations  made  then  should  be  rejected  also.  All 
such  rejection  should  be  made  however,  before  the  reduction  of 
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the  observations  has  been  begun,  and  it  should  not  be  done 
merely  to  make  the  final  results  harmonize  among  themselves. 

Having  , N follows  from  (3) 

Having  then  from  several  stars  determined  x,  y and  z by  (4), 
we  apply  (3)  and  thus  obtain  ^e"  and  a.  By  substituting  values 
for  u in  (i)  for  every  five  or  ten  degrees  of  the  arc  we  may  obtain 
a series  of  corresponding  corrections  {u  — u^')  at  those  points,  due 
to  eccentricity. 

Observations. — The  instrument  of  which  the  eccentricity  was 
to  be  determined  is  a Pistor  & Martin’s,  eight  inch,  prismatic 
sextant. 

There  were  originally  eighteen  angles  measured;  fourteen  of 
these  were  double  altitudes  of  stars  upon  the  meridian,  the 
remaining  four  being  distances. 

It  was  found  however  that  the  results  from  the  second  method 
were  far  more  reliable  than  from  the  first.  This  was  evidently 
due  to  the  rapid  motion  of  the  meridian  stars,  which  sometimes 
rendered  it  necessary  to  lay  the  instrument  down  and  move  the 
mercury  in  the  middle  of  a set  of  observations.  The  errors  in 
recording  time  also,  which  would  have  no  appreciable  effect  in 
measuring  distances,  here  would  lessen  the  accuracy  considerably. 
As  the  apparent  distance  between  two  stars  remains  nearly  con- 
stant for  several  seconds  or  longer,  the  images  can  be  brought 
into  coincidence  with  more  care  and  deliberation,  which  also 
increases  the  advantage  of  this  method. 

Each  set  consisted  of  ten  readings.*  The  time  was  taken  by 
a mean  time  chronometer,  each  reading  being  reduced  to  sidereal 
time  afterward. 

As  an  illustration,  an  outline  of  the  work  of  reducing  the 
observations  of  one  altitude  and  one  distance  will  now  be  given. 

On  the  second  night,  August  i6th,  1892,  the  barometer  read 
29.786  in.,  the  attached  thermometer  -1-74.1°  F.,  and  the  detached 
thermometer  -f66.8°  F.  The  index  correction  was  then  deter- 
mined from  ten  readings,  and  found  to  be  On  Arc  16'  40".  Five 
comparisons  of  the  watch  and  sidereal  clock  were  made;  the 
mean  error  thus  found  was  — 12  hrs.  44  min.  18.6  sec. 

* It  has  been  shown  that  with  the  sextant  nothing  is  gained  by  extending 
the  number  beyond  ten. 
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The  distance  between  a Aquila’  and  r/  Ursoe  Majoris  was  next 
measured  carefully  ten  times,  the  time  of  each  observation  being 
recorded.  Each  record  was  reduced  to  the  corresponding  clock 
time,  by  the  usual  formulae,  after  which  the  clock  correction,  as 
determined  by  transits  of  stars  was  applied,  and  the  mean  of  the 
final  results  taken  to  obtain  a. 

The  mean  of  the  reduced  times,  or  e,  was  19  hr.  51  min  01. 9 sec- 

The  mean  of  the  ten  readings,  or  was  84°  04'  20."o. 

From  the  ephemeris  we  find  a and  d for  a Aquilce  at  this  time 
to  be 

a =19  hr.  45  min.  33.2  sec. 
d=  + 8°  34'  05" 

Therefore  by  (6),  / = 1°  22'  10".  , Also  9 = 40°  36'  24" 

By  substituting  these  quantities  in  (9)  we  find  q and  z to  have 
the  values  1°  57'  32"  and  32°  03'  40",  respectively. 

Applying  then  equation  (7),  we  find  the  log  of  r to  be  1.544 19. 
After  which  the  computation  proceeds  by  (10)  as  follows: 

log  cos  q ^ log  ^ = 8. 5 3 3 80 

log  r = I.544I9«  logrsin  q = 0.07790  n 

(5  — -f- 34".99  IS  cos  6 = 1.1J121  da— 0.08  s 

r is  here  made  negative  as  its  effect  is  to  decrease  the  zenith  dis- 
tance. 

We  now  interpolate  in  the  ephemeris  for  the  exact  values  of  a 
and  d,  and  apply  the  above  corrections  to  them.  We  find,  finally, 

a'  = 19  hrs.  45  min.  33.31  sec. 

<5'  = 49°  35'  39"-99 

Correcting  in  a similar  manner  the  co-ordinates  of  r/  UrsoeMajoris, 
there  was  found 

a = 13  hrs.  43  min.  26.26  sec. 

d = 49°  51'  38"-30 

These  values  are  the  ones  to  be  substituted  in  (ii)  for  determ- 
ining which,  in  this  case,  will  be  found  to  have  the  value  83° 
46'  41". 5.  Hence  by  formula  (12),  since  the  reading  is  on  arc, 


u = 83°  46'  4i".5  -f  16'  40"  = 84°  03'  2i".5. 
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And  (ti  — «'),  which  is  the  absolute  term  of  our  equation, 

= 84°  03'  2i".5  — 84°  04'  2o".o=^^^8^^. 

The  mean  of  the  ten  points  of  coincidence  was  found  to  be 
87°  44'.  Therefore  u=2i°  58',  and  our  equation  for  these 
stars  becomes 

0.3465  ;r  + 0.1395  jl'  + ^ = — 58^.5. 

As  an  example  of  altitude  reduction,  we  will  take  a Aquarii, 
the  next  meridian  star  observed. 

The  index  correction  was  found  to  have  the  value  16'  35"  on 
arc. 

The  mean  of  the  observed  double  altitudes  = «*,  was  97°  24' 
i8".3  ; of  the  points  of  coincidence,  = 4 «),  it  was  101°  48', 

and  the  mean  of  the  reduced  times  was  22  hrs.  06  min.  27.03  sec. 

d and  a from  the  ephemeris  have  the  values  — 0°  50'  2g".^  and 
22  hrs.  00  min.  16.80  sec.  respectively.  Therefore  ^=1°  32' 
33".4,  and  by  applying  (5),  we  find  k to  have  the  value  48°  32' 
3o".7. 

The  refraction  is  found  by  (7),  where  z = go°  — h\  its  value 
is  + 49".8. 

Then  u follows  directly  from  (8); 

u = 2 (48°  32'  3o".7  + 49".8)  -f  16'  35"  = 97°  23'  i6".o 
and  {ii  — 2/")  = — 62" 2,. 

So  with  this  star  our  equation  becomes 

0.3880.4:  + 0.18477/  z = — 62". 3. 

In  this  way  the  equations  of  condition  were  formed.  They 
were  rendered  homogeneous,  and  then  solved  for  x,y,  and  z,  with 
the  following  result: 

^ x = — S^"-77  ± 56".2i, 

7'  = — i5i".64  ± 84".75, 

2=  — 8".20  ± 7"-7S- 

By  (3)  we  now  find 

4^’"  = — i62".4I. 

+ 68°  47'  14" 
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We  lastly  substitute  different  values  for  u in  equation  (i),  and 
thus  obtain  {u  — For  example,  we  have  with  io°, 

{u  — M")  = i62".42  jz«(2^°)  cos{2}4° — 68°  47'  14")=  — 2". 8. 

It  is  a question  whether  the  constant  2 should  or  should  not 
be  added  to  this  quantity. 

If  2 is  due  to  some  permanent  displacement  of  any  part  of  the 
instrument,  it  should  be  added.  If,  however,  it  arises  from  the 
personal  error  in  determining  the  index  correction,  it  should  not. 

It  was  found,  in  investigating  this  instrument  several  years  ago, 
that  the  addition  of  2 seemed  to  over-correct  the  eccentricity. 
We  however  add  it  now,  that  the  results  may  be  compared 
more  readily.  Hence  the  corrections  = («  — «')  + 2. 

In  this  manner  the  following  table  was  computed.  It  will  be 
found  to  agree  reasonably  well  with  the  first  one,  although  eccen- 
tricity is  somewhat  liable  to  change. 


Corrections  June  22,  1889. 


ANGLE. 

CORRECTION. 

0° 

-II"  9 

10° 

-i4"o 

20° 

— 17  -3 

30° 

— 20".  2 

40° 

— 23"-4 

50° 

— 26".7 

60° 

-30"  I 

70° 

-33".6 

80° 

— 37"-2 

90° 

— 4o".8 

100° 

— 44"-4 

110° 

— 48".o 

120° 

—5 1".6 

130° 

—55"  I 

140° 

August  joth,  i8q2. 

Corrections  Aug.  17,  1892. 


ANGLE. 

CORRECTI 

0° 

1 

00 

to 

10° 

— I i".o 

0 

0 

— 14".4 

30° 

— i8".4 

40° 

— 22".8 

50° 

— 27".6 

60° 

— 33"-0 

70° 

-38"-7 

80° 

-44"8 

90° 

—5  i".i 

100° 

-57"6 

110° 

-64".5 

120° 

—71"  5 

130° 

-78"5 

. 140° 

— 85".6 

Eric  Doolittle,  ’91 


CRYSTAL  DRAWING. 

The  object  of  this  article  is  to  deal  with  that  feature  of  the 
subject  least  fully  dwelt  upon  in  Dana’s  mineralogy  and  the  lec- 
tures of  Prof  Frazier,  the  drawing  of  the  simple  crystalline  forms. 

In  beginning  the  study  of  crystallography  as  an  introduction 
to  determinative  mineralogy,  one  of  the  chief  failings  is  apt  to  be 
an  inability  to  readily  recognize  the  figure  from  the  symbol  and 
vice  versa.  Another  is  in  a failure  to  perceive  the  relations 
existing  between  different  forms. 

One  should  be  careful,  however,  not  to  fall  into  the  error  of 
supposing  that  determinative  crystallography  is  the  only  field  of 
the  science.  On  the  contrary,  it  has  intimate  relationship  with 
molecular  structure  and  the  laws  of  crystallization  are  just  as 
fixed  as  the  laws  of  chemistry.  One  peculiar  illustration  of  this 
is  in  the  polarization  of  light  by  tartaric  acid.  A salt  of  this 
acid  can  be  obtained  in  hemihedrons,  a part  of  the  crystals  hav- 
ing hemihedral  faces  similar  to  those  on  the  other  crystals  when 
held  before  a mirror.  On  separating  and  dissolving  them,  and 
freeing  the  acid,  one  solution  is  found  to  turn  the  plane  of  polar- 
ization to  the  right,  the  other  turning  it  to  the  left. 

When  these  solutions  are  united  they  form  racemic  acid,  an 
acid  of  just  twice  the  molecular  weight,  but  inactive  in  polarizing 
light. 

The  relation  between  the  composition  and  method  of  crystal- 
lization is  also  very  well  shown  by  the  similarity  existing  among 
the  sulphates  of  barium,  strontium,  calcium,  and  lead ; the  angle 
/a /varying  between  ioo°  30'  and  104°  02'.  The  carbonates 
exhibit  a similar  relation. 

Many  of  the  prettiest  theories  of  stereo-chemistry  are  based 
on  such  suppositions  as  that  an  atom  of  carbon  acts  like  a tetra- 
hedron with  unsatisfied  chemical  affinity  existing  at  the  four 
vertices. 

The  importance  of  crystallography  as  bearing  upon  mineralogy 
is  probably  often  underestimated.  The  majority  of  tests,  as 
lustre,  color,  and  hardness  are  purely  relative.  Where  a crystal- 
line form  occurs,  however,  it  can  be  identified  with  mathematical 
certainty. 
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There  are  a few  fundamental  laws  which,  well  understood  and 
applied,  will  go  far  towards  a good  comprehension  of  the  subject. 
Such  are  the  laws  of  simple  mathematical  ratio,  of  symmetry, 
and  of  zones  and  their  correllaries,  as  the  constancy  of  angle  in 
the  same  species.  But  these  are  fully  explained  elsewhere,  and 
space  will  not  permit  their  repetition. 

Drawing  a crystal  is  a valuable  exercise,  thoroughly  instilling 
a knowledge  and  observance  of  the  laws  just  mentioned,  and 
giving  an  ability  to  recognize  in  practice,  at  least  the  figure  which 
has  been  drawn.  There  is  one  difference,  however,  which  should 
be  borne  in  mind.  The  figure  drawn  is  a perfect  crystal,  one  in 
which  all  the  faces  possible  to  that  form  occur,  and  one  in  which 
the  linear  distance  cut  off  by  one  face  on  any  axis  is  the  same  as 
the  linear  distance  cut  by  another  face  on  its  corresponding  axis. 
In  nature  these  model  crystals  are  not  apt  to  occur,  but  are  dis- 
torted in  process  of  formation  by  adjacent  material.  In  cleavage 
pieces  especially,  a plane  may  be  at  any  distance  from  the  center, 
and  has  no  regard  whatever  for  the  distances  observed  by  other 
planes. 

The  six  crystallographic  systems  are  arranged  according  to 
the  amount  of  symmetry  they  possess.  The  isometric  system, 
containing  the  most  symmetrical  of  all  geometrical  solids,  is 
placed  at  the  head,  and  its  forms  are  the  most  difficult  to  con- 
struct. As  drawings  of  the  isometric  and  hexagonal  system  only 
are  required,  no  attention  will  be  paid  to  the  other  four,  but  by 
an  application  of  the  same  principles  any  form  of  any  system 
may  be  drawn. 

A crystal  could  be  drawn  as  it  would  appear  to  an  observer 
near  to  it,  or  as  it  would  appear  to  him  if  situated  at  an  infinite 
distance,  supposing  that  it  still  preserved  finite  proportions  to  the 
eye.  The  latter  method  is  the  one  employed.  The  lines  of  sight 
to  all  parts  are  parallel,  and  parallel  edges  appear  as  such,  bring- 
ing the  zones  into  prominence.  The  labor  of  drawing  is  like- 
wise simplified,  as  the  figure  is  orthographically  projected  upon 
the  plane  of  the  paper. 

The  Axes. — The  three  main  axes  of  the  isometric  system  are 
identical  with  the  three  axes  of  solid  analytical  geometry,  and 
the  first  step  being  to  represent  them  upon  the  paper,  the  ques- 
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tion  arises  as  to  what  will  be  the  most  favorable  direction  in 
which  to  view  them  and  to  draw  them  in  that  position.  As  a 
unit  distance  is  the  same  linear  distance  on  each  axis,  a sphere 
of  unit  radius,  with  its  centre  at  the  origin,  would  contain  the 
ends  of  the  unit  axes  in  its  surface.  To  render  the  following  dis- 
cussion more  clear,  suppose  such  a sphere  to  exist  as  in  Fig.  i . 
But  an  observer  whose  eye  is 
placed  in  the  line  OY,  ex- 
tended, of  Fig.  I,  would  see 
axis  OY  projected  as  a point 
at  0,  while  OX  and  OZ  would 
appear  at  their  real  value. 

This  would  not  be  so  advan- 
tageous a position  in  which 
to  view  the  crystal  as  one  in 
which  the  three  axes  would 
be  seen  as  lines  inclined  to 
each  other  and  of  unequal 
length.  To  effect  this,  rotate  ^ 
the  sphere  through  an  angle 
YZA,  about  the  vertical  axis,  then  revolve  it  on  (9  as  a center, 
tipping  the  vertical  axis  toward  the  observer  through  an  angle  of 
90°  — ZOA,  but  keeping  it  in  the  same  vertical  plane.  As  these 
revolutions  are  purely  relative  we  may  suppose  the  observer  to 
have  moved  in  the  contrary  directions,  and  in  his  final  position 
the  line  of  sight  will  be  along  some  line  as  OAN.  The  vertical 
axis  will  then  appear  as  C,  and  the  horizontal  axes  as  a and  b, 
being  projections  on  a plane  perpendicular  to  ON. 

b will  be  inclined  to  C at  an  angle  0. 

a will  be  inclined  to  C at  an  angle  ti>. 

We  then  have  six  variable  quantities,  R,  a,  b,  c,  ^ and  f,  any 
three  of  which  being  fixed,  the  rest  are  determinable,  and  the 
direction  of  sight  OA  is  found. 

Dana’s  method,  page  463,  Dana’s  Mineralogy,  gives  R,  <p,  ip,  to 
determine  a,  b,  c. 

Prof  Frazier’s  method  is  to  give  a,  b,  c,  and  determine  ip,  it 
being  unnecessary  to  find  R. 


226 


Crystal  Drawing. 


The  detailed  proof  of  this  method  is  reserved  for  another 
page  that  the  reader  may  skip  it  if  so  inclined. 

Assuming  any  ratio  for  a,  b,  c so  that 

_p  <:=* 

< <2^  -P 


We  have  : cos  ^ 


— b^  + c^)  {a^  -\-  b^  — c^) 
2bc 


V{a^^b^  — c^){b^^c^  — a^) 

Cub  w 

2ac 

If  .•  ^ / c = 5 ; 9 : lo 

0 =95°  ii',  107°  49' 

ta7i  5 ° 1 1 ' = A- ; tmi  17°  49'  = 

Therefore,  to  construct  these  axes  lay  off  a horizontal  and  a 
vertical  line  as  XX'  and  YY'  Fig.  2. 

Measure  28  on  OX'  to  X' 
and  down  9 to  A.  Then  tan 
X'OA  = ^,  and  YOA  = 
1 17°  49'.  Measure  ii  OX  to 
X and  down  i to  B.  Then 
tan  XOB  = A,  and  Y 0 B = 
95°  ii'.  Lay  off  on  OA  a 
distance  of  5 in  each  direction 
from  0 and  on  0 B distances 
of  9.  On  YY'  lay  off  10  each  way.  We  now  have  what  repre- 
sents a unit  length  on  each  axis,  though  none  of  them  appear  at 
their  real  value  on  account  of  fore-shortening. 

The  proof  of  the  work  is  as  follows : -f  c'^,  for  will  be 

a maximum  and  b^  a minimum  when  A lies  in  the  plane 
ZOX  (Fig.  i).  But  when  such  is  the  case  triangle  ZOD  = XOE 
and  -k  But  a — YO  = R and  therefore  a^  = RE 

the  limiting  value,  or  in  general,  a^  R E R- 

To  find  the  value  of  cos  <p  in  terms  oi  ab  c let  XOA  = X, 
YOA  = Y,  ZOA=Z.  Then 


Y 


Fig.  2. 
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sin  X 
sin  Y - 


b . 

R’ 

cos  X = 

R^—le^ 

a 

cos  Y = 

R^—a' 

R’ 

R- 

c 

cos  Z = 

R^—ce 

R' 

R^ 

But  cos^  X -|-  cos^  Y + cos'^  Z=  I, 

(Davies  Bk.  VIII,  Prop.  I.,  Sch.  IV.) 
and  substituting; 


R^ 


R- 


R^ 


R^ 


i;  R^ 


In  spherical  triangle  ZAX 

cos  zx  — cos  Z cos  X 


cos  6 - 


sin  Z sin  X (Olney  Trig.  p.  97) 

But  zx  — 90°  and  cos  zx  — O , 

cos  Z cos  X \/{R?  — {R^  — IZ) 


cos  <j>  : 


sin  Z sin  X ' 


be 


Substituting  the  value  of  R ; 


cos . 


In  the  same  way 

COS  'tp  • 


V{a^  -Y  b^  — C^)  {a^  — RY  C) 

2bc 

Vice  Y b^  — c^)  [b'^  Yc^  — a") 
2ac 


Forms  Possible  to  the  Isometric  System. — In  the  isometric 
system  only  seven  holohedral  solids  exist,  but  the  total  number 
of  forms  is  increased  by  the  two  kinds  of  hemihedrism  possible. 

Hemiholohedral  forms,  those  in  which  alternate  octants  are 
suppressed,  can  not  exist  in  those  solids  which  have  the  planes  of 
one  octant  common  to  other  octants ; as  the  cube,  rhombic  dode- 
cahedron and  tetrahexahedron.  For  if  one  octant  is  suppressed 
and  the  adjacent  ones  continue  to  exist,  their  planes  will  be 
extended  over  the  former  position  and  the  solid  will  repeat  itself. 
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It  will  be  noticed  that  these  three  figures  are  the  limiting  forms 
of  the  trapezohedron,  trigonal  trisoctahedron  and  hexoctahedron. 

On  the  other  hand  holohemihedral  forms  can  exist  only  when 
the  holohedral  solid  has  an  even  number  of  planes  in  each  octant 
as  otherwise  alternate  planes  can  not  be  chosen.  This  limits 
their  occurrence  to  the  tetrahexahedron  and  hexoctahedron.  It 
is  immaterial  whether  each  face  exists  in  one  or  two  octants. 
There  are,  consequently,  thirteen  forms  possible  in  the  isometric 
system. 

Before  giving  the  method  of  drawing  each  form  it  will  be  well 
to  set  down  rules  applicable  to  all  and  in  that  way  abridge  the 
description  of  each. 

1.  Find  the  traces  of  the  plane  of  each  face  on  the  coordinate 
planes  as  in  Figs.  3 and  6. 

2.  Find  the  line  of  intersection  of  any  two  faces  by  finding 
two  common  points  and  joining  them.  As  shown  in  Fig.  3 one 

of  these  points  will  usually  lie 
on  one  of  the  axes  and  the 
other  at  the  intersection  ot 
two  traces  on  the  coordinate 
plane  perpendicular  to  that 
axis. 

In  Fig.  3 the  intercepts  on 
the  axes  cut  by  any  plane  are 
in  the  ratio  of  2:2:1.  All 
possible  combinations  occur 
in  each  octant,  since  in  the 
isometric  system  all  the  axes 
are  interchangeable.  One  plane  will  cut  the  axes  at  A,  C^, 
and  its  traces  on  the  coordinate  planes,  found  by  joining  these 
points,  will  be  AB^,  A B^  C^.  In  like  manner  B A^  Q and 
CA^  B^  determine  the  position  of  the  other  planes  possible  in 
this  octant. 

But  B^  C and  B^  A have  a common  point  at  B^  and 
their  traces  intersect  at  d.  Therefore,  d being  another  common 
point,  B^d^  indefinitely  extended,  will  be  their  line  of  intersection. 
In  a similar  manner  fo  and  e o A^  are  the  intersections  of 
the  two  other  pairs  of  planes. 
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3.  Only  that  portion  of  each  plane  exists  in  the  crystal  which 
is  nearer  to  the  center  than  any  other  plane.  Except  in  twin 
crystals  no  reentering  angles  ever  exist.  In  Fig.  3,  therefore,  the 
only  portion  of  A^B^C  existing  in  the  figure  is  cdoe  and  of  the 
other  two  planes  only  Bfoe  and  Afod  remain.  These  quadri- 
laterals enclose  the  octant  and  complete  that  portion  of  the 
figure. 

4.  Repeat  these  operations  for  each  octant,  inking  in  some  of 
the  permanent  lines  if  difficulty  is  found  in  distinguishing  them 
from  construction  lines. 

5.  It  will  usually  be  found  that  one  or  more  of  the  planes  of 
the  four  front  octants  are  invisible  as  in  Figs.  4,  5,  7,  8.  In  that 
case  an  equal  number  of  planes  on  the  rear  octants  will  come 
into  view. 

This  is  because  in  every  holohedral  crystal  each  face  is  par- 
allel to  one  on  the  opposite  side,  and  half  the  planes  are  always 
visible. 

6.  Be  accurate  in  drawing,  and  place  more  reliance  upon  the 
intersection  of  two  lines  at  a large  angle  than  upon  two  nearly 
parallel. 

In  Fig.  3,  do  and  eo  should  be  drawn  first  to  determine  0 as  f, 
the  intersection  of  AB^  and  A^B  is  more  liable  to  error.  Accur- 
acy of  construction  will  be  found  of  no  small  importance  when 
developing  the  hemihedral  form. 

7.  Checks  on  the  accuracy  of  construction  may  be  obtained 
by  noting  if  all  the  lines  drawn  to  a trigonal  apex,  such  as  the 
point  O,  Fig.  3,  meet  in  a point,  or  if  they  include  a small  tri- 
angle. Also  if  the  line  joining  any  two  trigonal  apices,  as  a line 

OQ  in  Figs.  4 and  5 is  parallel  to  a main  axis. 

* 

Method  of  Developing  a Hemihedron. — 8.  a.  For  illustra- 
tion take  Fig.  4 showing  a cuproid  ( — 2.2)  developed  from  a 
trapezohedron.  All  the  faces  in  octants  P and  0 cease  to  exist, 
and  the  faces  in  octants  N and  Q are  extended  until  they  meet 
each  other.  We  can  easily  see  that  in  any  figure  the  intersection 
of  faces  continuing  to  exit  will  exist  also  and  be  extended  till  in 
contact  with  some  other  plane.  Such  lines  are  NK,  NG,  and 
NH. 
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b.  All  intersection  between  planes  continuing  to  exist  and 
those  becoming  imaginary  will  disappear,  af,  ad,fb  are  such  lines. 

c.  Faces  formerly  separated  by  a plane  no  longer  existing  will 
be  extended  till  they  meet  each  other  in  new  lines  of  intersection. 

Na  and  Qa  are  two  such  planes 
and  they  will  meet  in  a new 
line  of  intersection  GK. 

d.  To  determine  these  lines 
and  also  the  new  apices  G,  H, 
J,  K,  in  which  the  extended 
planes  meet,  it  is  necessary  to 
obtain  two  common  points.  One 
of  these  is  obtained  at  the  end 
of  a main  axis  and  the  other 
by  extending  a line  in  each  face 
G similarly  situated  in  respect  to 

the  center  in  order  that  they 
will  intersect  in  space  and  not  pass  over  or  under  each  other. 

In  Fig.  4,  N K and  QK  are  two  such  lines.  N K lies  in  the 
plane  N D 0 X containing  the  trigonal  interaxes  x N and  x O 
and  therefore  it  cuts  xo  v!\  some  point  K.  QK  lies  in  plane 
XQfo  containing  trigonal  interaxes  xQ  and  xo  and  therefore  it 
cuts  xo  in  some  point  K.  It  next  remains  to  prove  that  x K is 
the  same  distance  in  each  case.  This  can  easily  be  done  by  con- 
structing triangles  and  proving  them  equal.  In  Fig.  4 these 
construction  lines  N K and  Q K are  also  permanent  lines,  but 
in  Fig.  5 such  is  not  the  case  and  their  position  is  only  in- 
dicated. 

e.  Another  method  of  finding  G,  H,  J,  K,  which  often  saves 
considerable  labor  is  shown  in  Fig.  5.  Having  found  //and  G 
as  before  to  obtain  J without  constructing  the  back  of  the  figure, 
draw  //and  from  /7a  line  parallel  to  it.  This  line  will  cut  the 
lino  of  J at  the  required  point.  This  depends  on  the  fact  that 
all  lines  similarly  situated  on  an  isometric  crystal  are  equal, 
o d = of  \ o H = oj  and  therefore  df  is  parallel  to  H f. 

f.  Checks  on  the  accuracy  of  development  will  be  found  in  the 
fact  that  the  hemihedral  apices  G,  H,  / K lie  on  the  trigonal 
interaxes  and  should  be  in  line  with  the  center  and  a holohedral 
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apex.  The  two  methods  of  finding  these  apices  should  bring 
the  same  result. 

£■.  As  will  be  noticed  most  clearly  in  the  tetrahedron,  each 
face  is  inclined  to  its  opposite,  whence 
to  designate  these  solids,  tetrahedral 
As  can  be  seen  on  comparison  with 
the  other  crystals  of  the  group,  the 
cuproid,  the  deltohedron  and  the  tet- 
rahedral hexoctahedron  resemble  a 
tetrahedron  in  which  each  face  has 
been  replaced  by  a three  or  six-sided 
pyramid.  Consequently  more  or  less 
than  half  the  sides  may  be  visible. 

No  attention  is  paid  to  the  octahe- 
dron, cube,  and  rhombic  dodecahe- 
dron as  their  construction  is  very 
simple. 

The  Trapezohcdron  and  cuproid  have  already  been  fully  ex- 
plained in  Fig.  3 and  4. 

The  Trigonal  Trisoctahedron  can  be  constructed  by  the  method 
of  Fig.  3,  except  that  in  this  case  the  ratio  of  the  intercepts  cut 
by  each  plane  is  m\\\\.  To  construct  the  deltohedron  bisect 

ac,  ab,  be,  etc.,  and  draw  odH, 
oeG,  ofj,  etc.  From  H,  the 
point  where  (7i/and  PH  in- 
tersect draw  HP,  Ha,  HC  and 
by  doing  the  same  at  G and  J 
the  figure  is  completed.  J\s 
most  easily  obtained  by  rule 
8^. 

The  Hexoctohedron,  being 
more  complicated,  is  con- 
structed as  in  Fig.  6. 

AC\B^  and  ABsC^  have  a 
line  of  intersection  A S.  Likewise  A B\  and  B A§  intersect 
in  the  line  C^f.  The  portion  of  the  plane  AB\  Cj  existing  in  the 
crystal  is  then  Aof.  The  same  method  applies  to  the  other 
faces,  there  being  six  possible  combinations  and  six  faces  in  each 


corne  the  two  terms  used 
or  inclined  hemihedrons. 
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octant.  The  most  rapid  way  to  construct  it  is  to  draw  the  lines 
AB\,  ACi,  BA\,  BC\,  CAi,  CB\  and  from  their  points  of  inter- 
section draw  do,fo,  eo.  Having  the  point  0 draw  OA,  OC,  OB, 
and  the  octant  is  complete. 

The  plus  hemihedron  is  de- 
veloped in  Fig.  7.  od,  oe,  Pt, 

Pu  are  extended  until  they 
meet  in  the  points  //"and  G. 

HA,  HC,  GA,  GB  are  then 
drawn.  J is  determined  by 
rule  8^”  on  a previous  page. 

It  will  be  noticed  that  in  the 
figure,  one  face  B K G oi  a 
rear  octant  is  visible. 

The  Diploid.  The  h exocta- 
hedron possesses  two  hemi- 
hedral  forms  and  in  this  re- 
spect stands  alone.  No  other  isometric  crystal  enjoys  this 
property.  The  pyritohedral  form  is  constructed  in  a similar 
manner  to  the  pyritohedron  and  as  the  latter  is  the  more  impor- 

The  Tetrahexahedron  ( cc : « 
: i),  the  limiting  form  of  the 
hexoctahedron,  is  constructed 
in  precisely  the  same  way  as 
. the  hexoctahedron,  Fig.  6, 
except  that  w = 00  and  Cd, 
Ad,  etc.,  are  merely  construc- 
tion lines,  and  not  to  be  inked 
in.  The  reason  is  shown  in 
Fig.  8.  NCd,  OCd,  lying  in 
same  plane,  their  line  of  inter- 
section Cd  is  not  drawn.  Hav- 
ing completed  the  holohedral 
figure,  select  alternate  planes  in  each  octant  to  be  preserved  and, 
by  suppressing  the  rest,  produce  the  pyritohedron.  If  in  octant 
0 faces  OCN,  OAQ,  OBR  are  preserved,  all  the  rest  are  deter- 
mined and  the  plus  pyritohedron  results.  As  every  face  is  sim- 


tant  that  alone  will  be  described. 
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ilarly  extended  it  will  be  sufficient  to  give  the  method  of  extend- 
ing one. 

OAQ,  NAP  are  both  parallel  to  the  vertical  axis.  Therefore 
their  line  of  intersection  at  A will  be  parallel  to  it,  and  lies  in  the 
coordinate  plane  CxA.  But  CdH  is  the  trace  of  OCN  and  the 
three  planes  possess  a common  point  at  H.  As  O,  iVare  other 
common  points,  the  three  lines  GH,  NH,  OH  are  determined. 
By  pursuing  the  same  method  at  the  end  of  each  main  axis  the 
entire  figure  is  completed.  It  will  be  noticed  that  the  opposite 
sides  are  parallel  and  half  the  faces  are  visible.  If  the  drawing 
is  accurate  the  lines  passing  through  the  main  axes  are  bisected 
by  them. 

In  drawing  an  actual  crystal,  composed  of  several  forms,  some- 
what different  methods  must  be  used. 

The  Hexagonal  System. — c 

In  this  large  system  there  is 
a vertical  axis  C and  three 
lateral  axes  a,  a,  a,  inclined 
60°  to  each  other  and  90°  to 
the  vertical  axis.  The  same 
discussion  could  be  gone 
through  as  in  the  isometric 
system  to  get  a general  ex- 
pression for  the  length  and 
inclination  of  the  axes.  Dana 
as  before  gives  the  actual 
length  and  the  angles  to  de- 
termine the  apparent  length 
of  each.  Prof  Frazier’s  method  is  much  more  easily  understood, 
and  is  as  follows ; 

Having  drawn  our  isometric  axes  OA,  OB,  OC,  by  any  method 
whatever,  bisect  OB  and  OB,  by  lines  pasallel  to  OA.  Lay  off 
on  OA  a distance  OE  = (.866)  OA  and  through  that  point  draw 
a line  P P,  parallel  to  BB,.  Then  in  actual  distance  PE=.^R 
. and  OE  = .S66R 

All  the  forms  under  the  hexagonal  division  are  very  easy  of 
construction  and  we  will  only  concern  ourselves  with  the  rhom- 
bohedral  division.  It  is  required  of  each  student  to  draw  a 
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rhombohedron  and  scalenohedron  with  common  basal  edges, 
the  v'ertical  intercept  of  the  latter  being  in  some  simple  ratio  to 
the  former.  In  other  words  to  draw  a rhombohedron  and  a 
circumscribed  scalenohedron. 

1.  This  problem  can  be  attached  in  two  ways.  The  dihex- 
agonal  pyramid  could  be  drawn  and  the  scalenohedron  devoloped 
from  it  by  suppressing  the  alternate  sectants.  A rhombohedron 
could  then  easily  be  constructed  by  drawing  lines  parallel  to  the 
basal  edges  of  the  scalenohedron  as  shown  in  Fig.  ii.  But  it 
would  be  no  easy  matter  to  draw  such  a scalenohedron  that  the 
inscribed  rhombohedron  would  have  a vertical  axis  in  some 
simple  ratio  to  the  former. 

2.  For  this  reason  it  is  preferable  to  develope  the  rhombohe- 
dron from  the  hexagonal  pyramid,  and  by  lengthening  the  ver- 


by  calling  his  axes  the  interaxes,  and  drawing  another  set  bisect- 
ing the  basal  edges  as  in  Fig.  ii.  This  does  not  employ  the 
hexagonal  pyramid,  however,  and  to  show  the  mathematical  re- 
lation between  the  two  Fig.  lo  is  given. 

Having  drawn  our  axes,  AA',  BB' , DO' , CO , connect  the  ends 
and  we  have  the  hexagonal  pyramid  of  the  first  order.  Choose 
alternate  planes  to  be  preserved,  as:  CA'D,  CAB,  C'DB,  etc. 
Extend  the  traces  of  each  of  these  faces  on  the  basal  plane. 
MP,  AP  intersect  at  P,  making  it  a point  common  to  CA'D,  CAB 
and  CP  is,  therefore,  their  line  of  intersection.  In  the  same  way 
CM  is  the  intersection  of  CA'D,  CB'D' . C'N  that  of  C'A'B', 
C'BD  and  C Q that  of  C'DB,  C BA. 

But  MO  = OQ  and  CM  is  parallel  to  C Q.  Therefore  the  in- 
tersection of  CA'D  and  CBD  passing  through  D is  parallel  to 


tical  axis  produce  any  scalen- 
ohedron desired. 


Fig.  io. 


Dana’s  method,  page  468, 
is  a very  quick  way,  but  the 
rhombohedron  produced  is  of 
the  second  order,  and  if  length- 
ened into  a scalenohedron,  one 
face  would  be  found  to  lie  in 
each  sectant,  a theoretical  dif- 
ficulty which  can  be  avoided 
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them  also.  In  this  way  it  may  be  shown  that  GH  is  parallel  to 
CJ  and  JK  to  CL.  The  proof  of  each  step  is  not  given  fully  but 
indicated  sufficiently  for  it  to  be  followed  out.  These  steps  may 
be  summarized  in  a rule. 

Rule. — Extend  the  basal  traces  till  they  intersect  at  M,  N, 
P,  Q.  Draw  CM,  C'N,  CP, 

C Q and  through  the  ends 
of  the  axes  draw  lines  par- 
allel to  those  already  found. 

By  so  doing  we  have  deter- 
mined the  four  boundaries  of 
each  plane.  The  completed 
drawing,  free  from  construc- 
tion lines,  is  shown  in  Fig.  1 1. 

The  rhombohedron  having 
the  symbol  — M,  the  scalen- 
phedron  will  be  — M"‘  and  is 
obtained  by  preserving  the 
same  basal  edges  and  length- 
ening the  vertical  axis  to 
twice  its  former  value. 

In  this  case  the  figure  is  a 
cube,  a rhombohedron  which 
does  not  exist  in  nature,  but 
which  shows  how  a cube 
may  be  held  as  a rhombohe- 
dron. 

It  will  be  noticed  that  there 
are  only  three  sets  of  parallel 
lines,  a determination  of  one 
from  each  set  enabling  us  to 
draw  the  rhombohedron.  If 
the  work  is  accurate  the  basal  edges  will  be  bisected  by  the 
lateral  axes. 

Another  method  of  obtaining  the  point  H is  to  draw  CH 
bisecting  A' D.  Where  it  cuts  C N the  point  H will  be  located 
as  H is  then  a point  common  to  three  planes  of  the  rhombohe- 
dron. Joseph  Barrell,  ’92. 


THE  MANUFACTURE  OF  PORTLAND  CEMENT. 

The  first  man  to  intelligently  study  and  classify  limes  and 
cements  was  the  Frenchman  Vicat  who  carried  on  his  researches 
in  the  early  part  of  the  century,  and,  as  a result  of  his  labors, 
the  classification  he  adopted  is  practically  that  which  is  accepted 
to-day. 

From  Prof  W.  C.  Unwin’s  interesting  and  valuable  work  on 
the  “ Testing  of  the  Materials  of  Construction,”  the  following  is 
taken. 

Cementing  materials  ordinarily  used  are  classified  thus  : 

1.  Rich  or  fat  limes. 

2.  Poor  limes. 

3.  Hydraulic  limes. 

4.  Hydraulic  cements'. 

1.  Fat  limes  are  produced  by  the  calcination  of  nearly  pure 
limestone  (from  90  to  97%),  and  consist  of  lime  nearly  free  from 
other  ingredients.  It  is  the  ordinary  lime  of  commerce,  and  is 
manufactured  by  almost  every  farmer  around  the  Bethlehems;  the 
kilns  dotting  the  hill-sides  and  road-sides  in  every  direction. 

This  kind  of  lime  slakes  violently  when  mixed  with  water, 
accompanied  by  a rapid  rise  of  temperature. 

It  has  been  claimed,  but  how  much  truth  there  is  in  the  state- 
ment is  not  known,  that  vessels  on  Lake  Erie,  transporting  lime 
from  Kelly’s  Island  to  the  mainland,  have  burned  up  when 
through  any  accident  a large  amount  of  water  was  brought  into 
contact  with  the  lime. 

The  lime,  when  setting,  absorbs  carbonic  acid  gas  from  the  air, 
forming,  in  the  course  of  time,  the  carbonate  of  lime. 

2.  Poor  limes  contain  from  10  to  40%  of  sand  or  inert  matter; 
they  slake  less  violently,  and  make  a very  weak  and  slow  setting 
mortar. 

3.  Hydraulic  limes  and  cements  contain  ingredients  capable  of 
combining  and  hardening,  apart  from  any  absorption  of  carbonic 
acid  gas  from  the  air.  They  will,  therefore,  set  under  water. 
The  hydraulic  /imes  contain  a large  amount  of  pure  lime,  so  that 
they  slake.  But  they  also  contain  clay,  silica,  or  other  ingredients 
capable  of  producing  chemical  action  in  the  presence  of  water. 
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This  action  results  in  the  setting  of  the  lime,  which  hardens  and 
becomes  insoluble.  Feeble  hydraulic  limes  make  mortar,  which 
hardens  enough  to  resist  a finger-nail  in  a month. 

4.  Artificial  hydraulic  cements  are  mixtures  of  lime  and  clay, 
in  proportions  suitable  to  produce  eminent  setting  or  hydraulic 
qualities. 

Such  cement  hardly  slakes  at  all,  but  sets  with  great  rapidity, 
becoming,  in  the  course  of  time,  extremely  hard. 

Portland  cement  may  be  produced  from  a variety  of  natural 
rocks,  but  broadly  speaking,  it  consist  of  72^-79^  of  chalk  and 
28%-2I  % of  clay. 

Originally  chalk  and  clay  were  ground  together  with  a large 
volume  of  water  in  a fluid  grout,  but  now  it  is  found  that  35  'fo  of 
water  is  not  only  economical,  but  prevents  the  segregation  of 
materials  which  takes  place  in  fluid  grout. 

To  sum  up  this  classification,  consider  limes  as  divided  into 
three  classes,  rich  or  fat,  poor,  and  hydraulic.  The  difference  be- 
tween these  classes  and  the  Hydraulic  cement  is,  the  cement 
contains  a larger  proportion  of  silica,  aluminum,  magnesia,  etc., 
than  does  any  member  of  the  group  of  limes. 

The  members  of  the  lime  group  absorb  water  according  as 
they  vary,  from  the  common  lime,  which  swells  up  from  2-3.5 
times  its  original  volume,  to  the  hydraulic  lime  which  increases 
in  bulk  from  1.76-2.5  times  its  original  volume.  Herein  lies 
their  defect  for  most  purposes.  The  hydraulic  cements  do  not 
swell  when  manufactured  properly;  the  test  for  checking  and 
cracking,  due  to  the  hydration  of  the  lime  or  magnesia,  being 
made  to  determine  this  very  point. 

Michaelis  states  that  the  hydraulicity  of  a cement  is  due  to  the 
silica,  alumina,  and  iron,  and  that  in  a good  cement,  the  sum  of 
these  should  be  about  one-third  of  the  total  weight,  the  rest  being 
chiefly  lime. 

The  calcination  removes  the  carbonic  acid  gas  and  water,  and 
leads  to  the  formation  of  calcium  silicate,  calcium  ferrate  and 
calcium  aluminate  and  the  hardening  of  the  mixture,  when 
water  is  added,  depends  probably  on  the  formation  of  double  hy- 
drated silicates.  From  a clipping  from  an  engineering  paper  is 
taken  the  following: 
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“ In  an  article  on  the  hardening  or  setting  of  Portland  cement 
mortars  the  Chemiker-Zeitung  directs  attention  to  some  recent 
experiments  made  by  Herr  Schiffner.  Too  much  water,  as  well 
as  too  small  a quantity  in  mixing  the  mortar  prevents  proper 
hardening.  Portland  cement  mortar  takes  into  chemical  com- 
bination a definite  quantity  of  water,  and  the  highest  degree  of 
hardness  is  obtained  when  this  chemical  absorption  is  complete. 
The  formation  of  hydrosilicates,  due  to  this  absorption,  is  a grad- 
ual process.  In  a pure  cement  mortar  the  percentages  of  chem- 
ically combined  water  are — 
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Schiffner’s  experiments  further  showed  that  the  cement  mortar, 
kept  moist  twenty-four  hours  after  mixing,  and  then  placed  un- 
der water,  improv^es  in  hardness  with  the  duration  of  its  submer- 
sion. In  the  trials  under  consideration,  the  longest  period  of 
submersion  was  twenty-seven  days.  If,  after  mixing,  the  mortar 
is  not  kept  moist,  it  becomes  brittle  and  crumbles.  In  the  cement 
briquettes  kept  under  water  for  twenty-seven  days,  Schiffner  found 
from  10  to  II  per  cent,  water  and  from  i to  i per  cent,  carbonic 
acid;  in  the  briquettes  kept  under  water  for  three  days  there  was 
found  from  6 to  7 per  cent,  water  and  from  i)^  to  2)4  per  cent, 
carbonic  acid.  In  dry  briquettes  the  combined  water  amounted 
to  only  4 per  cent.,  while  the  carbonic  acid  figured  up  from  6 to 
7 per  cent.  It  is  concluded,  therefore,  that  to  secure  the  best  re- 
sults in  using  cement  mortar  it  must  not  be  given  opportunity  to 
become  dry  during  the  first  few  days  after  mixing.” 

At  Bethlehem  is  found  the  ordinary  blue  limestone,  which 
gradually  merges  into  an  impure  limestone  when  Coplay  is 
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Teached.  At  Coplay  the  rock  contains  about  75  per  cent,  of  lime, 
2 per  cent,  of  magnesia,  5 per  cent,  of  silica,  and  8 per  cent,  of 
alumnia  and  iron,  a rock  suitable  for  a natural  cement.  The 
following  notes  relate  to  the  manufacture  of  cement,  as  it  is 
carried  on  in  this  Coplay  or  Lehigh  district. 

The  cement  made  from  this  rock  is  a Rosendale  or  Portland, 
according  to  the  method  of  treatment. 

To  produce  a Rosendale  cement,  the  rock  is  put  into  an  ordinary 
perpetual  kiln,  and  for  fuel  buckwheat  coal  is  used,  about  one  foot  of 
rock  to  fourteen  or  fifteen  shovels  of  coal.  The  burning  is  very  light 
and  leaves  about  8 per  cent,  of  the  carbonate  in  the  cement.  The 
burned  rock  is  crushed  in  what  looks  like  an  old-fashioned  coffee 
mill,  then  ground  by  millstones  and  is  ready  for  the  market. 

It  may  be  well  to  outline  the  process  of  the  manufacture  of 
the  Portland  cement,  to  make  it  clearer. 

The  rock  is  taken  from  the  quarries  by  the  ordinary  process 
of  drilling  and  blasting;  is  crushed,  ground  between  millstones, 
wet  to  form  a stiff  mud,  dried,  burned,  reground  between  mill- 
stones, seasoned,  and  is  ready  for  the  market. 

In  the  quarry,  blasts  are  made  twice  a week,  enough  rock 
being  loosened  to  keep  the  works  in  operation  the  intervening 
time.  This  is  done  in  order  that  any  variation  in  the  rock, 
shown  by  chemical  analysis  of  each  blast,  may  be  confined  to 
that  quantity  of  material.  Gen.  Gilmore  gives  as  a reason,  “All 
sedimentary  rocks  are,  for  marked  variations  in  their  lithological 
character  within  small  limits,  owing  to  local  causes  affecting 
deposition.” 

Then  should  a certain  yield  of  rock  run  short  in  lime,  the 
chemist  can  specify  how  much  is  to  be  added  to  bring  it  up  to 
the  standard.  From  the  quarry,  the  rock  is  taken  to  a coarse 
crusher  which  breaks  it  up  into  pieces  weighing  about  four 
ounces;  it  is  next  run  through  a finer  crusher,  which  breaks  it 
into  pieces  that  would  probably  pass  through  a half  inch  ring. 
This  double  crushing  prepares  the  rock  for  the  millstones.  In 
this  simple  form  of  grinding  mill,  the  top  stone  is  stationary, 
and  rests  on  the  bottom  one  called  the  “runner.”  The  fine 
crushed  rock  passes  through  a hole  in  the  top  stone  to  the 
grinding  surfaces,  and  is  ready  for  the  pugmill  or  mixing  vat. 
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looking  like  a fine  gray  powder  or  flour.  The  millstones  come 
from  York  State,  Lancaster  County,  Pa.,  and  from  the  Blue 
Mountains. 

There  are  two  methods  of  mixing  the  ground  rock  with  water. 
One  is  a continuous  process,  mixing  the  dry  powder  with  hot 
water  and  slowly  forcing  it  through  an  inclined  tube  containing  a 
revolving  screw  which  mixes  the  water  and  powder  into  a stiff  mud. 
The  other  method  uses  cold  water,  the  mixing  taking  place  in  an 
open  rectangular  box  with  a hinged  bottom.  In  the  box  two  cast 
iron  drums  revolve  in  opposite  directions.  In  the  drums  are 
inserted  long  teeth  or  spikes,  which  interlock  as  the  drums 
revolve,  but  do  not  come  in  contact.  About  600  lbs.  of  the 
dry  rock  is  admitted  at  each  mixing,  which  lasts  about  five 
minutes,  and  enough  water  is  thrown  in  to  bring  the  mass  to  the 
consistency  of  good  putty.  When  the  operator  judges  the 
mixing  is  completed,  he  drops  the  mud  through  the  bottom  of 
the  box  to  the  floor  of  the  room  below.  The  mud  is  a dull  drab 
in  color  and  may  be  made  into  bricks  in  either  of  two  ways. 

It  may  be  run  through  a brick  machine,  such  as  is  used  for  the 
manufacture  of  ordinary  building  bricks,  the  bricks  being  con- 
veyed by  a broad  belt  to  another  room  for  further  treatment. 
But  it  is  claimed  that  the  brick  machine  compacts  the  mud  to 
such  an  extent,  that  either  the  outside  of  the  brick  must  be  over- 
burned in  the  kiln  to  produce  a proper  burning  on  the  inside,  or 
else  the  inside  will  be  under-burned  in  order  to  burn  the  outside 
properly.  Those  wdio  do  not  favor  this  method  take  the  mud  as 
it  comes  from  the  pugmill  and  spread  it  over  a large  wooden 
floor,  by  means  of  shovels,  to  a depth  of  two  and  one-quarter 
inches.  It  is  then  cut  into  bricks,  two  and  one-quarter  by  four 
by  six  inches,  and  boys  w’ith  shovels  pass  rapidly  along  and  turn 
the  bricks  upon  edge. 

The  firm  using  the  brick  machine  claims  that  seven  men,  wfith 
one  machine,  can  do  twenty-five  men’s  work;  while  another  firm 
claims  that  to  spread  the  mud  on  the  floor  for  10,000  bricks  is 
forty  horse  power  cheaper,  besides  being  better,  for  reasons  al- 
ready given,  to  use  men  and  boys  in  the  manufacture.  In  the 
first  case  the  number  of  horse  power  necessary  to  run  the  brick 
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machine  for  a certain  number  of  bricks  is  wanting;  in  the  second 
case  the  number  of  workmen  necessary  to  make  10,000  bricks  is 
not  known.  Hence  no  conclusions  as  to  economy  can  be  drawn. 
When  the  bricks  are  formed  on  the  floor  they  stand  for  ten  hours, 
and  are  then  piled  around  long  lines  of  steam  pipe,  fed  by  the 
exhaust  steam  from  the  engines  running  the  crushers,  stone  mills, 
and  conveyors.  At  the  end  of  twenty-four  hours  the  bricks  are 
dry  enough  for  the  kilns. 

If  a brick  machine  is  used,  they  are  taken  from  the  belt  con- 
veyor, before  mentioned,  and  piled  on  pallets  or  iron  frames;  these 
pallets  are  placed  on  iron  cars,  each  car  holding  five  hundred 
bricks;  the  cars  are  then  run  into  long  brick  ovens  or  drying  chan- 
nels which  are  heated  by  the  waste  gases  from  the  kilns.  They 
dry  for  twenty-four  hours  and  are  ready  to  be  burned. 

Before  proceeding  to  a description  of  the  burning  it  may  be  well 
to  mention  one  point.  A company  at  Coplay  adds  lightly  burned 
uncrushed  Rosendale  rock  to  the  quarried  rock  for  the  Portland 
cement  before  it  passes  to  the  crushers,  this  combination  of 
Rosendale  cement  and  new  rock  running  through  the  crusher  and 
mills,  and  is  made  as  before  into  mud  and  then  into  bricks.  The 
reason  given  for  adding  the  Rosendale  is,  that  the  ground  rock 
alone  will  not  form  a brick  which  will  stick  when  mixed  with  water. 
The  bricks,  as  they  are  made  on  the  floor,  contain  nearly  50  per 
cent,  of  water,  as  can  be  shown.  About  600  pounds  and  4-5  buck- 
ets of  water  are  used  in  the  mixing  box,  giving  about  300  pounds 
of  water  to  600  pounds  of  ground  rock.  Each  brick  weighs  about 
four  pounds  as  it  is  made,  and  loses,  first  at  the  steam  pipes  about 
four  ounces  of  water,  and  later  on  the  remainder  of  the  water  of 
mixing.  A process  which  worked  very  well  at  one  time,  employed 
pitch  in  the  mixing  of  the  ground  rock,  preparatory  to  burning. 
The  pitchy  mass  was  moulded  by  machinery  into  nodules,  about 
the  size  and  shape  of  butternuts.  The  pitch  was  entirely  removed 
and  caused  a quicker  and  more  thorough  burning.  But  the  pitch 
producers  raised  prices  and  killed  the  scheme.  The  bricks,  by 
whatever  process  made,  are  next  subjected  to  the  burning  in  the 
kiln. 

The  kiln  employed  is  intermittent,  and,  unlike  the  one  used  to 
produce  Rosendale,  is  taller  and  is  charged,  not  by  throwing  the 
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material  in  through  the  top,  but  through  openings  in  the  sides. 
In  a perpetual  kiln  the  layers  of  rock  and  fuel  do  not  settle  evenly, 
but  may  compact  in  one  spot  and  grow  more  open  in  another, 
aiding  and  retarding  the  burning.  The  kilns  are  made  of  differ- 
ent capacities,  the  following  description  and  figures  applying  to  a 
forty  ton  kiln.  Such  a kiln  is  circular,  all  horizontal  sections 
above  the  grate  bars  being  circles.  At  about  one-third  the  height, 
it  has  one  opening  or  door,  which  is  used  to  charge  the  lower 
portion  of  the  kiln,  and  is  then  closed  with  fire  brick;  and,  a sec- 
ond opening,  about  thirty  feet  from  the  bottom,  closed  with  a 
heavy  sheet  iron  door.  The  kiln  is  lined  with  fire  brick  up  tO’ 
the  middle  of  this  second  opening,  or  door,  the  heat  not  being 
sufficient  to  require  its  use  above  this  point. 

A central  vertical  section  of  the  kiln  would  show  a form  simi- 
lar to  the  ordinary  blast  furnace.  Starting  at  the  grate  bars,  it 
flares  to  the  widest  point  of  the  boshes  and  then  diminishes  to  the 
top.  The  dimensions  are  approximate.  The  total  height,  from 
the  floor  beneath  the  grate  bars  is  forty  feet.  The  grate  bars, 
three  feet  from  the  floor,  are  made  of  rails  which  are  not  fixed  but 
can  be  drawn,  allowing  the  charge  to  drop  to  the  floor.  The 
boshes  at  the  widest  part  are  twelve  feet  in  diameter  and  eight 
feet  from  the  floor.  The  shaft  of  the  kiln  tapers  from  twelve  feet 
to  five  feet  at  the  top,  which  is  entirely  open.  The  space  below 
the  grate  bars  is  rectangular,  four  feet  wide  and  running  back  six 
feet.  To  prepare  the  kiln  for  charging,  one-third  of  a cord  of 
wood,  together  with  some  cotton  waste  soaked  in  oil,  is  placed 
on  the  grate  bars.  The  fuel  used  is  coke  and  is  so  regulated  in 
quantity  that  there  are  about  two  inches  of  coke  to  four  inches  of 
brick,  the  bricks  being  placed  on  the  two  and  one-quarter  by  six 
inch  side.  Coke  furnishes  a more  even  and  greater  heat. 

The  charging  proceeds  from  the  lower  opening.  The  coke  is 
passed  in  in  buckets  holding  about  seventeen  pounds,  and  is  care- 
fully spread  out  in  an  even  layer.  The  first  layer  requires  seven 
buckets  of  coke,  the  next  eight,  increasing  to  twelve  or  thirteen 
at  the  widest  part  of  the  boshes.  From  this  point  to  the  top, 
nine  buckets  are  used  to  each  layer  of  brick.  The  bricks  are 
placed  in  position  by  hand,  carefully  and  evenly.  When  the  filling 
reaches  the  first  arch,  the  arch  is  bricked  up.  The  materials  are 
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then  passed  in  from  the  top  opening  and  placed  as  before,  until 
about  thirty  feet  of  material  has  been  filled  in.  A variation  may 
take  place  in  the  amount  of  fuel  used,  for  two  reasons  : more  may 
be  added  to  hasten  the  burning,  or  if  too  much  water  has  been 
added  at  the  pugmill,  more  fuel  must  be  used ; if  too  small  an 
amount  of  water,  less  fuel.  The  variation  in  the  amount  of  fuel 
is  made  at  the  discretion  of  the  man  in  charge  of  the  kilns,  whose 
experience  tells  him  whether  to  increase  or  decrease  the  amount 
of  fuel,  but  occasionally  he  misses  it  and  “botches  a kiln.” 

The  kiln,  when  charged,  contains  40,000  bricks  containing 
about  47  per  cent,  of  water,  and  something  like  four  and  one-half 
tons  of  coke. 

Perhaps  the  following  abstract  from  “The  Portland  Cement 
Industry  in  the  U.  S.,  (a  work  issued  by  the  American  Cement 
Company)  will  serve  to  make  clear  the  reason  for  this  prepara- 
tory process  of  grinding,  and  mixing,  and  forming  of  bricks. 
“This  cement  (Portland)  differs  from  the  natural  light-burned  hy- 
draulic cement,  in  the  fact  that  it  is  an  artificial  product,  wherein 
the  proportions  of  lime,  silica  and  alumina  are  combined  in  uni- 
form proportions,  and  wherein  the  material  that  is  calcined  in  a 
kiln  is  a new  rock  or  stone,  artificially  produced  by  the  mechani- 
cal mixing  of  the  clay  and  lime,  or  of  the  natural  rocks  compos- 
ing it,  in  finely  divided  particles  with  water,  so  that  each  of  the 
fine  particles  of  alumina  and  silica  and  lime  is  in  close  mechanical 
combination  with  the  other  particles,  and  the  whole  new  rock, 
that  is  placed  in  the  kiln  in  the  shape  of  bricks,  eggs,  or  balls,  for 
the  purpose  of  calcination,  is  mechanically  fitted  to  be  best  acted 
upon  by  the  high  heat  of  the  kiln,  in  order  that  the  chemical 
action  necessary  for  the  production  of  the  highest  grade  cement 
can  take  place  under  the  most  favorable  circumstances.” 

The  fire  is  started  by  means  of  the  cotton  waste  and  cord  wood 
and  burns  for  three  days,  under  a natural  draught.  Then  the  top 
arch  is  opened,  and  about  three  barrows  of  light  yellow  unburned 
material  is  removed.  The  charge  then  stands  for  ten  hours,  when 
the  grate  bars  are  drawn,  dropping  the  clinker  as  it  is  now  called, 
to  the  floor.  The  bricks  which  went  into  the  kiln  have,  by  this 
burning  process,  undergone  a change,  and  now  contain  about  23 
per  cent,  silica,  12  per  cent,  alumina  and  iron,  60  per  cent,  lime. 
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and  4 per  cent,  of  magnesia  and  sulphuric  acid.  The  clinker,  as 
it  comes  from  the  kiln,  consists  of  three  parts. 

That  which  will  yield  a first  grade  Portland,  is  dark  in  color 
and  heavy,  and  looks  somewhat  vitreous;  a second  part,  which  is 
lighter  in  color  and  weight,  and  not  so  hard,  and  a third  part 
which  is  the  fine  powder  and  dust,  and  is  added  to  the  Rosendale 
cement. 

The  total  yield  is  forty  tons,  of  which  thirty-eight  tons  are  first 
grade  Portland,  and  two  tons  second  grade  Portland  and  Rosen- 
dale. 

The  separation  of  the  three  parts  is  effected  by  men  taking  up 
the  clinker  on  forks  having  tines  one  and  one-half  inches  apart, 
removing  from  the  fork  by  hand  any  clinker  which  is  light  in 
color,  and  throwing  what  the  fork  retains  into  barrows  or  carts, 
to  be  taken  to  the  stone  mills.  The  remainder  is  shoveled  against 
a screen  of  one-half  inch  mesh,  the  rejected  part  constituting  a 
second  grade  Portland  clinker;  the  part  passing  the  screen  being 
ground  in  with  the  Rosendale. 

The  Portland  clinker  is  now  passed  through  the  mill  stones  in 
the  same  manner  as  before  the  burning.  Another  form  of  mill 
was  seen  in  operation  at  the  American  Cement  Company’s  works 
at  Plgj'pt,  which  depends  on  centrifugal  force.  An  iron  ball, 
weighing  about  500  pounds,  is  hung  by  a ball  and  socket  joint  in 
a heavy  iron  casing.  The  rotation  of  the  vertical  driving  shaft 
throws  the  ball  against  the  casing,  exerting  a pressure  as  it  flies 
around,  varying  with  the  speed  of  the  rotation.  The  grinding 
surface  being  between  the  casing  and  the  rotating  ball. 

The  ground  cement  is  elevated  to  the  bolting  machine,  which 
is  a frame  in  the  form  of  a cylinder  havnng  an  outer  covering  or 
screen  of  2500  meshes  per  square  inch  and  a coarser  inner  lining 
near  the  outer  which  serves  to  prevent  the  weight  of  the  cement 
from  coming  suddenly  on  the  outer  screen.  The  bolter  is 
inclined  and  has  radial  rods  with  sliding  weights  called  knockers, 
which,  as  the  machine  revolves  slowly,  knock  against  the  bot- 
tom of  the  frame,  shaking  the  cement  and  preventing  it  from  clog- 
ging up  the  meshes.  The  cement  is  fed  at  the  upper  end,  and 
passes  from  the  inner  to  the  outer  screen;  that  which  is  sufficiently 
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fine  passing  through  both  screens,  and  is  conveyed  to  the  storage 
bins.  The  rejected  part  runs  out  at  the  lower  end,  between  the 
two  screens,  and  is  returned  to  the  mill  stones.  The  full  process, 
from  the  time  the  rock  leaves  the  quarry  to  the  bolting  occupies 
about  seven  days. 

The  rate  of  grinding  will  affect  the  value  of  a cement  when 
considered  economically. 

Prof  Unwin  states  that  “The  clinker  must  be  ground  so  fine 
that  the  cement  particles  may  expose  a maximum  surface  at 
which  chemical  action  may  occur,  and  not  too  large  to  fill  the 
smallest  interspaces  in  the  sand,  with  which  the  cement  is  mixed 
in  use.” 

This  fineness  can  be  attained  by  running  the  mill  stones  slower, 
which  adds  to  the  cost  of  manufacture,  or  by  using  a soft  under- 
burned rock,  which  is  cheaper  and  produces  an  inferior  cement, 
or  by  bolting  the  cement,  returning  the  rejected  part  to  be 
reground,  which  also  adds  to  the  cost.  If  a clinker  be  soft,  a 
certain  rate  of  grinding  may  produce  cement  weighing  loo  pounds 
per  bushel;  if  the  same  rock  had  been  burned  into  a harder 
clinker  the  cement  might  have  weighed  120  pounds  per  bushel; 
so  that  generally  a heavier  cem.ent  indicates  a more  thorough 
burning.  But  on  the  other  hand  there  is  an  offset,  in  that  slow 
grinding  of  a hard  clinker,  which  adds  to  the  cost  of  manufacture, 
will  produce  a light  weight  cement  as  will  also  a soft  under- 
burned clinker. 

The  American  Society  of  Civil  Engineers  states  that  fineness  is 
no  sure  indication  of  the  value  of  a cement,  but  that  the  best 
grades  of  Portland  will  leave  but  from  5 to  10  per  cent,  on  a sieve 
of  2500  meshes  per  square  inch. 

This  new  Portland  is  at  first  a “green”  cement,  the  seasoning 
or  standing  in  the  bins  allowing  any  free  lime  or  magnesia  to 
slake ; it  also  decreases  the  time  of  setting.  Some  manufacturers 
claim  that  one  and  one-half  per  cent,  of  magnesia  in  a cement 
is  dangerous.  It  is  also  stated  that  two  per  cent,  of  sulphur 
will  ruin  a cement.  A green  Portland,  when  made  into  neat 
briquettes  for  testing,  while  setting,  will  not  fall  below  the  top  of 
the  moulds  when  cut  off,  nor  will  water  flush  to  the  top.  The 
writer  had  a sample  of  freshly  ground  Portland  cement,  which 
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was  taken  from  the  moulds  inside  of  five  minutes,  and  did  not 
require  careful  handling.  Rosendale  cements,  on  the  other  hand,, 
deteriorate  with  age  and  grow  weaker  It  is  for  this  reason  that 
nearly  all  engineers  specify,  that  Rosendale  cement  shall  be 
“ fresh  ground.” 

A barrel  of  Portland  generally  weighs  400  or  380  pounds 
of  cement,  net,  and  prices  range  from  ;^3.oo  to  ;^4.oo  per 
barrel  of  380  pounds. 

Mr.  R.  W.  Lesley  of  the  American  Cement  Co.,  furnished  the 
writer  these  figures.  “ There  are  about  7,000,000  barrels  of  nat- 
ural cement  made  in  the  United  States  per  annum.  The  output 
of  Portland  cement  in  this  country  will  not  exceed  250,000  to 
300,000  barrels  per  year,  made  principally  in  two  districts,  the 
Lehigh  district  and  the  Syracuse,  N.  Y.,  district.  The  imports  of 
Portland  cement  for  last  year  (1891)  were  stated  to  be  3,000,000 
barrels,  but  this  was  an  excess  import,  as  nearly  one-half  million 
barrels  of  cement  were  in  stock  on  the  first  of  January,  and 
which  are  not  yet  taken  up  into  consumption. 

F.  A.  Coleman,  ’92, 


ALUMINIUM  AND  DIAMONDS. 

(From  the  German  of  A.  Jarolimek  in  “Der  Stein  dbr  Weisen.”) 

When,  in  1875,  I investigated  the  question  why  no  regular 
crystals  are  produced  when  water  is  frozen,  while  the  falling  snow 
reaches  the  earth  in  beautiful,  hexagonal  crystals,  I arrived  at 
the  conjecture  that  this  might  have  some  connection  with  the 
phenomenon  which  separates  water  from  other  bodies  ; i.e.,  that 
it  attains  its  maximum  density  not  at  its  freezing  point  but  at  4° 
Centigrade. 

Since  the  resulting  ice  has  a smaller  density  than  water,  the 
freezing  process  goes  on  under  different  conditions  than  when  a 
specifically  heavier  body  crystallizes  out  of  a specifically  lighter 
solution  or  liquid. 

Two  considerations  must  be  noted, 

I.  The  immediate  influence  of  gravitation  on  the  molecules  of 
the  body,  and 
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2.  The  influence  of  the  density  of  the  liquid  on  each  of  the 
moving,  crystallizing  particles. 

For  the  first,  it  is  clear  that  the  tension  set  up  by  gravitation 
between  the  molecules  of  the  body  must  cease,  if  the  particles 
are  to  follow  the  crystallizing  forces  ; and  that  this  is  so  is  evi- 
denced by  the  observations  that  freely  falling  drops  crystallize  in 
perfect  crystals,  and  even  the  drops  of  water  sticking  to  the 
window-pane,  their  weight  being  partly  neutralized  by  adhesion, 
form  finer  crystals  than  water  resting  in  an  open  vessel. 

I remarked  in  1875  that  I should  like  to  make  the  experiment 
of  dropping  molten  pig-iron  down  the  1000  metres-deep  Adalbert 
shaft,  at  Przibram,  in  order  to  observe  if  the  crystallization  of  the 
mass  was  influenced  thereby.  That  this  thought  was  not  entirely 
illusory  has  been  evidenced  by  a communication  of  Fletcher’s  in 
Nature  of  July  28,  1887,  stating  that  in  a piece  of  meteoric  iron 
which  fell  in  Australia  in  1 884,  graphite  was  found  in  the  crystal 
form  of  the  diamond. 

However,  I believe  that  the  principal  influence  should  be 
ascribed  to  the  second  consideration;  namely,  the  relation  between 
the  density  of  the  crystals  being  formed  aiid  the  density  of  their 
mother-liquor. 

All  crystals  form  most  perfectly  when  they  separate  out  of 
solutions,  consequently  out  of  a medium  of  lower  density. 

However,  on  the  freezing  of  liquids  we  only  see  the  more  per- 
fect crystals  form  when  the  substance  contracts  considerably  in 
crystallizing,  that  is,  when  the  density  of  the  crystals  somewhat 
exceeds  that  of  the  mother-liquor,  as,  for  example,  with  zinc. 
Sulphur  crystallizes  by  freezing  in  monoclinic  crystals  with  a 
specific  gravity  of  1.96;  but  out  of  solutions  it  is  rhombic,  with 
a specific  gravity  of  2.05. 

Even  in  1857  Wohler  and  Deville  succeeded  in  producing 
boron  (specific  gravity  2.68)  out  of  its  solution  in  aluminium 
(specific  gravity  2.67)  in  perfect  crystals  (boron  diamonds) ; but 
they  could  not  obtain  carbon  diamonds  (specific  gravity  3.5)  from 
the  carbon  dissolved  in  iron  (specific  gravity  7.84),  which  failure 
I ascribe  to  the  difference  in  the  density  of  the  two  latter  bodies. 
The  question  is,  then,  what  mixture  of  metals  may  we  expect  to 
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have  the  property  of  dissolving  carbon  and  to  yield  it  again  in 
regular  crystals. 

According  to  my  previous  remarks,  the  specific  gravity  of  this 
mixture  must  not  exceed  3.5,  and,  therefore,  the  "light”  metals, 
before  all,  come  to  mind. 

Since  it  proved  practicable  to  obtain  boron-diamonds  from  the 
solution  of  boron  in  aluminum,  there  is  not  a doubt  that  many 
attempts  have  been  made  to  make  carbon  diamonds  in  similar 
ways.  The  correct  way,  however,  has  not  yet  been  found,  and  I 
will  now  show  how  I attempt  to  discover  it. 

Mendeleeff  and  Lothar  Meyer  have  arranged  the  elements  in 
a natural  system,  according  to  the  Periodic  Law,  which  states 
that  “The  properties  of  the  elements  are  periodic  functions  of 
their  atomic  weights.” 

If  the  part  of  the  system  containing  the  elements  under  con- 
sideration be  taken  by  itself,  it  would  be  as  follows : 


Family 

II. 

III. 

IV. 

Series : 

I 

Be  = 9.08 

B = 10.90 

C = 11.97 

2 

Mg  = 23.94 

Al  = 27:04 

St  = 28.00 

3 

Ca  = 39.91 

— 43-97 

Ti=  50.25 

The  specific  g 

gravities  are 

Be 

= 2.10 

B = 2.68 

C 

= 3-55 

Mg 

= 1-75 

Al  = 2.67 

Si 

= 2.49 

Ca 

= 1.58 

Ti 

= 5.28 

From  this  table  it  is  first  seen  that  the  element  standing  next 
to  boron-(aluminium)  is  the  one  by  whose  agency  the  boron-dia- 
monds were  obtained.  By  analogy  it  might  then  be  conjectured 
that  ciy^stals  of  beryllium  should  be  obtained  from  a solution  in 
magnesium,  and  crj^stals  of  carbon  from  a solution  in  silicon. 

Yet  there  exists  here  a very  important  difference.  Boron  is 
not  a metal,  but  a body  very  similar  to  carbon ; this  fact  may 
considerably  favor  its  crystallization  from  a molten  metal.  Beryl- 
lium and  magnesium,  on  the  other  hand,  are  both  metals,  while 
carbon  and  silicon  are  both  non-metals. 

That  beryllium,  under  right  conditions,  could  crystallize  out 
of  an  alloy  with  the  specifically  lighter  magnesium,  is  easily  pos- 
sible; as,  for  example,  lead  (specific  gravity  11.37)  likewise  sep- 
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arates  in  a pure  state  from  an  alloy  with  silver  (specific  gravity 
10.50).  With  this,  however,  we  are  not  concerned,  but  with  the 
crystallization  of  carbon  out  of  a suitable  solution. 

Now,  the  element  silicon,  coming  next  to  carbon  in  the  table, 
is  only  fusible  in  the  crystallized  form  and  at  a high  temperature. 
It  has,  like  carbon,  three  modifications,  appearing  as  amorphous 
powder,  as  a graphitoidal,  incombustible  mass,  and  in  octahedral 
crystals  similar  to  the  diamond.  In  silicon,  as  such,  carbon 
could  never  be  dissolved ; on  the  contrary,  it  has  been  found  that 
the  combined  carbon  in  steel  partly  is  expelled  by  silicon,  whereas, 
on  the  other  hand,  tungsten,  chromium,  and  especially  manganese 
facilitate  the  solution  of  carbon  in  iron.  Even  the  element  next 
after  silicon  in  Family  IV,  titanium,  which  occurs  frequently  in 
silicates  and  in  most  iron  ores,  is  a very  infusible  powder  and 
offers  no  suitability  for  producing  carbon  crystals ; besides,  it 
belongs  to  the  list  of  metals. 

Therefore,  carbon  does  not  find  elements  suitable  for  its  solu- 
tion and  crystallization  among  its  next  neighbors,  as  boron  does, 
and  on  this  account  it  becomes  necessary  to  search  farther. 

The  question  may  then  be  raised,  whether  carbon  might  not, 
like  boron,  be  produced  in  crystals  from  solution  in  aluminium, 
or  from  magnesium  which  is  even  specifically  lighter  than  silicon. 
Such  experiments  have  already  been  made,  and  with  negative 
results.  Aluminium  is,  indeed,  obtained  from  the  Cowles  and 
Mabery  electric  furnace  as  a carboniferous  metal,  but  the  carbon 
is  not  really  in  chemical  combination  as  an  aluminium  carburet. 
Indeed,  experiment  has  shown  that  aluminium  expels  carbon 
from  its  solution  in  iron.  If  iron  at  a high  white  heat  is  inten_ 
tionally  saturated  with  carbon  (it  takes  up  six  per  cent.),  and 
then  30  per  cent,  of  aluminium  is  added,  scales  of  graphite  are 
so  abundantly  separated  out  by  this  addition  that  the  fluidity  of 
the  mass  is  greatly  interfered  with  and  it  becomes  so  thick  and 
pasty  that  it  will  hardly  flow,  although  the  melting  point  of  the 
alloy  has  been  lowered  by  the  large  addition  of  aluminium  (com- 
munication to  the  Berlin  General  Electric  Co.).  If,  with  a sim- 
ilar proportion  of  carbon,  the  addition  of  aluminium  is  only  15 
per  cent.,  then  the  six  per  cent,  of  carbon  will  still  remain  in  so- 
lution at  a high  white  heat,  but  as  soon  as  the  temperature  begins 
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to  fall  the  graphite  begins  to  mount  to  the  surface  in  considerable 
quantity.  With  ordinary  percentages  of  carbon  the  separation 
of  carbon  also  takes  place,  but  only  at  the  moment  of  setting. 
It  is,  therefore,  apparent  that  aluminium  does  not  enter  into  com- 
bination with  carbon,  but,  on  the  contrary,  influences  the  expul- 
sion of  the  latter  from  the  mass  in  which  it  occurs. 

How  Magnesium  behaves  in  this  relation  I do  not  know.  It 
is  further  from  carbon  in  the  natural  classification  of  the  elements 
than  aluminium  is,  yet  it  is  indeed  possible  that  it  would  form 
a combination  with  carbon  easier  than  aluminium,  as  would  be 
indicated  by  the  relations  of  its  atomic  weight.  For,  while  the 
atomic  weights  of  aluminium  and  carbon  (27.04  and  11.97)  show 
no  harmonic  relations,  those  of  magnesium  and  carbon  (23.94 
and  11.97)  show  the  simplest  relation  of  2 to  i.  However, 
magnesium  is  much  less  fixed  than  aluminium,  passing  ofif  as 
vapor  at  a high  temperature,  making  its  use  very  difficult. 

In  reality,  experiments  on  the  relations  of  carbon  in  its  com- 
binations with  metals  have  so  far  been  made  only  with  iron  and 
manganese  (perhaps  also  chromium  and  tungsten),  which,  as 
already  shown,  unite  chemically  with  carbon,  and  I beg  to  be 
allowed  to  briefly  describe  the  facts  as  so  far  known. 

It  was  Tonner  who  first,  over  twenty  years  ago,  observed  that 
of  all  kinds  of  iron  spiegeleisen  showed  the  surest  signs  of  being 
a chemical  compound,  since  it  is  purely  crystalline  and  by  its 
properties  very  far  removed  from  the  almost  infusible,  pure  iron. 
Its  composition  corresponds  to  Fe^^C  (quadri-carburet).  All 
attempts  to  produce  other  combinations  of  iron  and  carbon  have 
been  fruitless.  Pig  iron  is  a solution  of  pure  iron  in  spiegeleisen; 
grey  pig  iron  contains  besides  this  graphite. 

The  electro-positive  elements  occurring  in  iron  can  in  part 
replace  it  in  its  combination  with  carbon,  which  is  particularly 
the  case  with  manganese.  But  even  carbon  has  also  its  substi- 
tutes in  the  never-absent  electro-negative  ingredients  silicon, 
sulphur  and  phosphorus ; yet  such  substitutions  have  been 
shown  to  be  complete  only'  in  regard  to  silicon.  The  fact  that 
silicon  forms  a chemical  combination  with  iron  has  found  a 
practical  application  in  the  manufacture  of  silicon -iron  and 
silicon-ferro-manganese  on  a large  scale. 
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The  addition  of  such  silicon  alloys  during  steel  melting, 
assists  in  the  production  of  denser  steel  castings  and  has  just  the 
same  effect  as  the  addition  of  a small  proportion  (0.05  to  o.io 
per  cent.)  of  aluminium  to  the  iron. 

From  the  preceding  observations  it  appears  as  certain  that 
silicon  and  carbon  are  able  to  exclude  and  expel  each  other  from 
their  combinations  with  iron. 

These  facts  are  of  importance  for  my  researches,  and  I may 
add  to  them  the  important  observation  that  silicon  decreases  the 
■susceptibility  to  hardening  since  it  hinders  the  formation  of  iron 
carburet  crystals  and  tends  to  separate  out  carbon  in  the  form  of 
graphite.  Silicon  (which  is,  indeed,  not  found  in  nature  in  the 
free  state,  like  carbon)  thus  appears  to  be  a more  closely  related 
element  to  iron.  Silicon-iron  is  even  more  fusible  than  steel,  and 
this  is  yet  another  reason  why  carbon  separates  out  first  from  a 
cooling  mass  of  liquid  iron  which  contains  much  silicon  and  car- 
bon, when  it  has  cooled  so  far  that  it  cannot  hold  all  of  these 
any  longer  in  solution.  After  considerable  carbon  separates  out, 
the  silicon  still  remains  in  solution. 

We,  therefore,  possess  in  silicon  a reagent  wherewith  carbon 
can  be  separated  out  of  its  combination  with  iron  (or  manganese). 

Ordinary  spiegeleisen  contains,  along  with  5 to  6 per  cent,  of 
carbon,  only  a little  silicon ; silicon-iron,  on  the  other,  contains 
only  little  carbon ; and  even  in  the  so-called  silicon  ferro-man- 
ganese,  with  73  per  cent,  of  manganese,  17  of  iron,  and  8 of 
silicon,  there  is  contained  only  2 per  cent,  of  carbon. 

Quite  similar  to  these  are  the  relations  in  the  case  of  alu- 
minium. Commercial  aluminium  contained  at  first  7 per  cent,  of 
iron  and  5 per  cent,  of  silicon,  but  no  carbon.  At  present,  com- 
mercial aluminium  shows  1.4  to  5 per  cent,  of  iron  and  0.12  to 
0.70  per  cent,  of  silicon,  and  yet  no  carbon,  so  that  the  latter 
appears  to  be  entirely  excluded  from  aluminium  by  the  silicon. 

From  all  this  it  may  be  concluded  that  carbon  separates  out  of 
metallic  alloys  quite  easily,  even  too  easily,  and,  therefore,  mostly 
as  graphite ; and  since  this  separation  is  favored  just  as  well  by 
the  presence  of  aluminium  as  by  that  of  silicon,  the  use  of  the 
latter  as  the  reagent  for  separation  is  not  only  unnecessary,  but 
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must,  if  practicable,  be  avoided,  that  the  carbon  in  the  alloy  used 
may  remain  in  solution  as  long  as  possible. 

For  this  purpose,  it  seems  that  iron  is  the  only  suitable  metal. 
Its  relations  to  carbon  are  (according  to  Reiser)  as  follows  : The 
carbon  is  contained  as  carbide  not  only  in  molton  iron  and  steel, 
but  even  in  these  when  already  set,  if  still  highly  heated,  and  is 
separated  out  (as  graphite)  only  on  further  cooling.  During 
tempering,  that  is  in  the  preliminary  heating  to  about  700°  C., 
the  graphite  dissolves  up  again  in  the  steel,  so  that  it  may  be  con- 
sidered that  the  setting  free  of  the  carbon  takes  place  in  the 
steel,  when  slowly  cooled,  at  about  600°  C.  But  the  formation 
of  carbon  crystals  in  iron  already  set  can,  naturally,  not  take 
place.  It  is,  therefore,  of  first  importance  to  consider  the  fol- 
lowing conditions : 

1.  That  the  steel  must  be  alloyed  with  the  light  metals  until 
brought  into  that  condition  that  it  remains  fluid  at  temperatures 
of  500°  to  600°  C.,  that  is,  down  to  the  point  of  decomposition 
of  the  iron  carbide. 

2.  This  second  point  I have  already  considered : the  specific 
gravity  of  the  alloy  must  not  exceed  the  value  3.5. 

As  further  conditions  I would  probably  add  : 

3.  The  iron  used  as  well  as  the  light  metal  should  be  as  free 
as  possible  from  silicon. 

4.  If  the  alloy  still  lacks  the  power  of  retaining  the  carbon 
long  enough  in  solution,  then  manganese  may  be  added,  which 
retains  the  carbon  better  in  combination. 

After  having  described  all  the  conditions,  I formulate  my 
propositions  as  follows : 

I.  Carboniferous  iron  is  alloyed  with  any  of  the  light  metals, 
so  that  the  specific  gravity  of  the  mixture  does  not  exceed  3.5, 
and  the  melting  point  of  the  alloy  falls  to  about  500°  to  600°  C. 

The  use  of  magnesium,  for  instance,  with  specific  gravity  of 
1.73,  would  require  three  parts  of  magnesium  to  be  taken  for 
one  part  of  iron ; of  aluminium,  with  specific  gravity  2.67,  it 
would  require  seven  parts  to  one  part  of  iron.  According  to 
several  investigations,  alloys  of  aluminium  and  iron  or  of  alumin- 
ium, magnesium  and  iron  are  easily  produced,  which  not  only  in 
regard  to  specific  gravity  but  also  in  regard  to  melting  point 
come  up  to  the  requirements  laid  down. 
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Since  aluminium  melts  at  700°*  and  magnesium  at  400°,  the 
manufacture  of  easily  fusible  alloys  is  so  much  the  easier,  since 
alloys  usually  possess  a melting  point  lower  than  would  be  given 
for  the  mixture  by  calculation.  Experiment  has  even  shown 
that  the  addition  of  only  o.i  per  cent,  of  aluminium  to  cast  iron 
lowers  its  melting  point  400°  to  500°t.  Further,  aluminium 
mixed  with  iron  at  a high  temperature  induces  a re-arrangement 
of  the  molecules,  by  which  latent  heat  is  set  free.  In  order  to 
cast  wrought  iron  into  moulds  it  must  be  heated  far  above  its 
melting  point  (1600°)  in  order  to  avoid  its  setting  during  pour- 
ing. But,  if  a small  quantity  of  aluminium  is  added  just  as  it 
reaches  the  melting  point,  a large  quantity  of  heat  seems  suddenly 
to  be  set  free,  the  temperature  rises  visibly  and  the  iron  becomes 
ver^'  fluid.J  Metal  which  is  already  nearly  set  is  remarkably 
vivified  by  the  addition  of  i per  cent,  aluminium.  It  is  hereby 
apparant  that  aluminium  alloys  well  with  iron.  There  have  been 
described  on  the  one  hand  alloys  of  iron  with  30  per  cent,  of 
aluminium,  while  on  the  other  hand  aluminium  is  found  with 
7.5  per  cent  of  iron;  to  which  may  be  added  that  alloys  with 
15  per  cent,  of  iron  can  be  made  by  mixing  the  other  two  alloys 
just  mentioned  in  the  proper  proportions. 

Comparative  experiments  would  soon  show  to  what  extent 
pure  silicon-free  aluminium  can  be  alloyed  with  iron  without  the 
latter  losing  its  carbon.  If  an  addition  of  only  8 to  10  per  cent, 
of  iron  to  aluminium  is  permissible,  even  this  may  be  found 
practicable. 

II.  Since  the  so-called  spiegeleisen,  saturated  with  6 per  cent, 
of  carbon,  immediately  expels  its  carbon  when  aluminium  is 
added  to  it,  it  follows  that  only  iron  or  steel  of  normal  carbon 
content  (i  to  2 per  cent.)  can  be  used,  or,  finally,  the  aid  of 
manganese  may  be  invoked  to  keep  the  carbon  in  solution.  Man- 

*The  best  determinations  make  it  625“. — Translator. 

+ This  statement  was  made  a few  years  ago,  but  has  since  been  proven 
fallacious.  The  melting  point  is  not  lowered  more  than  25°  at  most. 
— Translator. 

I It  is  probable  that  the  temperature  is  not  sensibly  increased,  the  increased 
fluidity  and  apparent  greater  brightness  being  due  to  other  causes  too  obscure 
to  explain  in  this  article. — Translator. 
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ganese  holds  carbon  stronger  than  iron  does,  on  which  account 
it  plays  an  important  part  in  the  spiegeleisen  added  during  the 
manufacture  of  steel.  Manganese  is,  however,  by  itself  and  in 
its  combinations  with  carbon  and  silicon,  not  so  easily  fusible  as 
iron,  and  can,  therefore,  be  used  only  in  limited  quantities  in  our 
investigations. 

If  it  be  concluded  that  the  aluminium  must  only  contain  lo 
per  cent,  of  iron,  and  that  the  latter  possesses  a content  of  only 
1.5  per  cent,  of  carbon,  the  alloy  would  then  contain 
90.00  per  cent,  aluminium. 

9.85  per  cent.  iron, 
o.  1 5 per  cent,  carbon. 

Its  specific  gravity  would  be  about  3.18,  which  small  figure  might 
even  be  found  to  exceed  its  actual  gravity. 

In  a kilogramme  of  this  allo)'  there  is  1.5  grammes  of  carbon, 
= 7 carats,  enough  to  render  possible  the  formation  of  small 
crystals. 

III.  The  iron  used  as  well  as  the  aluminium  should  be  as  free 
as  possible  from  silicon.  Only  if  circumstances  show  the  neces- 
sity of  hastening  the  separation  of  the  carbon  should  a silicious 
aluminium  be  used. 

IV.  The  alloy  is  well-mixed  at  the  necessary  temperature,  and 
then  the  heat  is  to  be  very  slowly  lowered.  At  the  critical  point 
where  the  iron  carburet  begins  to  precipitate  (about  600°),  the 
formation  of  crystals  would  commence  (if  my  suppositions  are 
correct),  and  this  phase  must  naturally  be  passed  through  very 
slowly,  also  the  influence  of  air  must  be  carefully  guarded  against, 
not  only  in  the  melting,  but  in  the  cooling,  and  the  temperature 
must  always  be  well  regulated. 

V.  If  small  crystals  are  obtained,  they  can  be  introduced  into 
a fresh  carbon  alloy  in  order  to  increase  their  volume,  if  possible. 

In  this  connection  I am  not  unaware  that  recently  an  English- 
man, named  Parson,  has  succeeded  under  the  following  conditions 
in  making  real  diamond  dust : 

In  order  to  get  carbon  of  especial  hardness  he  fills  a very 
strong  steel  cylinder,  in  which  is  placed  a carbon  rod,  with  layers 
of  burned  lime,  argentiferous  sand,  clay,  and  carbon  dust.  The 
whole  is  strongly  compressed  by  hydraulic  pressure,  and  a strong 
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electric  current  passed  through  it.  After  the  operation  a gray 
powder  was  found  on  the  carbon  rod  which  was  harder  than 
emory,  and  scratched  the  diamond.  It  was  diamond  dust. 

If  this  communication  is  correct,  we  have  here  the  formation 
of  carbon  crystals  by  another  method  than  the  one  I have  pro- 
posed. Yet,  if  a reduction  of  the  material  mixed  with  the  car- 
bon has  taken  place  under  these  conditions  of  high  pressure, 
high  temperature,  and  a strong  electric  current,  it  may  be  that 
alloys  have  been  formed  during  the  operation  of  a composition 
analogous  to  those  proposed  by  me,  and  that  the  carbon  had 
crystallized  out  of  them.  Since,  however,  the  diamond  dust  was 
found  lying  on  the  carbon  rod  like  ice  crystals  on  the  window- 
pane,  it  would  appear  that  the  above  described  experiment  is  not 
suited  to  lead  the  way  to  the  formation  of  larger  carbon  crystals. 

It  may  well  be  that  this  end  will  be  soonest  reached  by  the 
application  of  the  pure  metals  according  to  my  propositions. 

[Translated  by  Joseph  W.  Richards) 


THE  ST.  PAULO  RAILWAY*,  BRAZIL. 

As  a field  for  engineering,  Brazil  is  coming  more  and  more  to 
the  front,  and  it  may  therefore  be  of  interest  to  give  a short 
sketch  of  the  railway  from  Santos  to  St.  Paulo,  over  the  Serra  do 
Mar,  showing  some  of  the  difficulties  to  be  encountered  and  the 
manner  in  which  they  have  been  overcome. 

The  engineering  plans  were  first  laid  down  by  Sir  Joseph  Van 
Lees,  and  afterward  carried  out  by  Mr.  Daniel  M.  Fox  as  resi- 
dent engineer. 

The  road  is  forty -three  miles  long  and  requires  about  two 
hours  and  a half  to  make  the  trip.  The  ascent  of  the  Serra  is 
well  worth  a few  words  of  description.  The  train  is  separated 
into  sections  of  three  cars  each  and  a brake  van.  The  engine  is 
left,  and  the  cars  drawn  by  cable  up  the  Serra,  in  four  stages, 
from  an  elevation  of  68  feet  on  the  level  to  2625  feet  at  the  top. 
These  cables  are  of  Birmingham  manufacture,  4 inches  in  cir- 
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cumference,  consisting  of  6 strands  of  No.  10  B.  W.  G.  steel 
wire,  seven  strands  of  wire  in  each  strand.  They  run  in  deep 
grooved  pulleys  in  the  centre  of  the  track,  except  at  the  ends, 
where  cylinders,  having  a flange  on  one  end,  are  provided. 
On  a curve,  they  are  set  on  an  angle,  and  the  cable  guided  into 
them  by  regulating  the  height  of  the  grip  on  the  brake  van.  There 
are  four  elevations,  6388,  5842,  6876,  7017  feet  long,  respectively. 
Four  simple  low-pression  engines,  of  250  H.P.  each,  are  stationed 
at  these  intervals  along  the  road.  At  present  they  are  without  con- 
densers, but  are  being  fitted  with  them  as  rapidly  as  possible.  The 
schedule  is  so  arranged,  that  as  one  train  it  ascending  another  is 
descending  the  same  section,  thus  effecting  a great  saving  of 
coal.  In  the  upper  half  of  each  section  the  cable  is  necessarily 
double,  and  as  the  expense  to  double-track  the  road  would  be 
enormous,  resort  is  had  to  the  very  simple  device  of  triple  rails. 
The  gauge  of  the  road  is  5 feet  3 inches  and  three  rails  are  laid 
of  this  gauge,  reaching  from  each  station  half  way  down  to  the 
next,  where  they  divide  into  an  ordinary  double  end  siding,  with 
automatic  switches.  On  this  the  two  trains  pass,  the  cable 
adjusting  itself  to  the  pulleys  in  which  it  runs.  Owing  to  the 
light  traction,  and  the  fact  that  the  wear  is  always  confined  to  the 
inner  half  of  the  rail,  this  third  rail  does  not  wear  appreciably 
more  than  the  outside  ones.  The  average  rate  of  speed  up  this 
incline  is  about  8.5  miles  per  hour,  including  stops. 

Six  trips  a day  are  made  of  three  cars  each  trip,  but  arrange- 
ments are  being  made  to  increase  that  number  to  four.  The 
brake  van,  or  grip  car,  has  an  adjustible  grip  for  raising  or  low- 
ering the  cable,  and  also  powerful  brakes.  From  this  van,  by 
means  of  a telegraph  line,  communication  can  be  had  with  the 
engine,  which  can  be  instantly  stopped  or  reversed  in  case  of 
necessity.  At  the  lower  end  of  the  last  section  is  a bridge,  whose 
bold  design  is  well  in  keeping  with  the  rest  of  the  work.  It  is 
705  feet  long,  having  a depth  from  rail  to  ground  of  185  feet.  It 
is  built  in  I o spans  of  66  feet  each,  and  one  of  45  feet.  At  the  upper 
end  there  is  a curvature  of  30  chains,  and  the  grade  on  the  bridge 
is  the  same  as  the  other  parts  of  the  road,  i in  9.75.  The  weight 
of  wrought  iron  in  the  structure  is  562  tons,  and  of  ca.st  iron 
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480  tons.  Five  hundred  and  seventy  cubic  yards  of  masonry 
were  used  in  the  abutments  and  piers. 

To  give  some  idea  of  the  difficulties  to  be  overcome,  it  may 
be  mentioned  that  the  rainfall  sometimes  amounts  to  15  inches 
in  24  hours,  and,  in  one  instance,  reached  as  high  as  17.6  inches 
in  the  same  time.  To  carry  off  this  enormous  flow  of  water 
there  are  58  culverts,  from  3 to  10  feet  opening,  beside  the  nat- 
ural water  courses.  The  road  is  graded  evenly  throughout  the 
entire  length,  i foot  in  9.75,  so  as  to  keep  the  strain  on  the  cables 
constant.  As  an  extra  precaution  against  a coupling  breaking,  a 
short  piece  of  cable  is  passed  around  the  entire  train,  the  ends 
being  made  fast  to  the  brake  van.  All  the  coal  used,  both  in 
locomotive  and  stationary  engines,  is  brought  from  England.  It 
is  difficult  to  give  any  figures  on  the  consumption  of  coal  in 
the  stationary  engines,  as  it  depends  on  so  many  factors,  but  it 
may  be  taken  at  about  67  kilos,  per  trip.  The  locomotives  are 
made  by  Sharp  & Stewart,  Manchester,  England.  Owing  to 
heavy  grades  on  the  road  above  St.  Paulo,  sometimes  as  much 
as  2.5  %,  locomotives  of  54  tons,  and  even  larger,  have  to  be  used, 
though  the  train  load  is  not  great.  Steel  rails  are  now  used  of 
65  pounds,  and  heavier  have  been  ordered.  The  road  has  been 
in  successful  operation  since  1868,  and  has  now  proved  itself  a 
success,  both  as  an  engineering  work  and  also  financially. 

B.  C.  Howard. 


MOMENT  OF  INERTIA  BY  A GRAPHICAL  METHOD. 

(Read  Before  the  Engineering  Society,  September  29,  1892.) 

The  method  herein  described  is  of  German  origin.  The  writer 
is  indebted  to  Prof.  Klein  for  his  knowledge  of  it,  but  does  not 
know  the  name  of  the  inventor.  It  is  easy  of  application,  capable 
of  a high  degree  of  accuracy,  and  offers  a very  satisfactory 
solution  of  what  is,  in  most  cases,  a tedious  problem.  For  these 
reasons  it  is  worthy  of  the  attention  of  Lehigh’s  future  engineers, 
and  the  writer  submits  it  to  them  with  the  hope  that  they  may 
find  it  useful. 
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Primarily  this  method  is  applicable  to  plane  figures  only ; but 
after  certain  preliminary  work  has  been  performed,  it  may  be  used 
to  determine  volumes,  centers  of  gravity,  and  moments  of  inertia  of 
bodies  of  irregular  form  with  reference  to  all  three  dimensions. 
To  illustrate  the  manner  of  procedure,  and  demonstrate  the  cor  - 
rectness of  our  conclusions,  we  will  take  the  simplest  case,  and 
assume.  Fig.  i,  a plane  area  bounded  by  the  base  line  AB  and 
the  irregular  curve  M N 0. 

Through  this  figure  we  draw  a series  of  parallel  lines,  per- 
pendicular to  A B,  spacing 
them  according  to  consider- 
ations which  will  be  brought 
out  later.  Next  we  draw,  with- 
out the  figure,  two  axes,  one 
on  each  side,  at  a convenient 
distance  and  also  perpendicu- 
lar to  A B.  One  of  them, 
as  AA'  we  may  call  the  mo- 
ment axis,  and  the  other,  BB'  the  reference  axis.  We  now  pro- 
ceed to  derive  from  the  original  curve  MNO  two  other  curves, 
from  which  we  shall  be  able  to  determine  the  vertical  ordinate 
on  which  lies  the  center  of  gravity  of  the  figure  and  the  moment 
of  inertia  of  the  area  about  this  vertical  axis  through  the  centre 
of  gravity. 

The  construction  is  as  follows : take  any  ordinate  as  AX,  pro- 
ject the  point  A/”  upon  the  refence  axis  XA',  and  find  the  point 
R where  the  line  joining  A and  P intersects  the  ordinate  *VZ; 
similarly,  project  R on  BB'  at  A and  find  T by  drawing  A S. 

is  a point  of  the  first,  and  T of  the  second,  derived  curve; 
and  by  performing  the  operation  for  each  ordinate,  we  obtain 
enough  points  to  enable  us  to  trace  the  two  curves  MR  0 and 
MTO. 

Now,  with  a planimeter,  we  measure  the  area  Nj  of  figure 
MNOM\  Nj  of  the  figure  MROM  bounded  by  the  first  de- 
rived curve;  and  N3  of  MTOM  bounded  by  the  second  derived 
curve.  The  following  relations  will  be  shown  to  hold  true: 

AG  = ^ X a: 


{a) 
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where  AG  is  the  distance  from  A A'  of  the  center  of  gravity  (see 
Figs.  2 and  3),  and  X is  the  distance  AB ; and 

/a=S,X-  {b) 

in  which  Ia  is  the  moment  of  inertia  of  MNOM  about  the  axis 
AA'.  The  principal  moment  is  obtained  by  using  the  regular 
formula  for  transferring,  so  that 

Ip=  S^X^  — SJ^AGf  {c) 

is  the  moment  of  inertia  about  the  axis  GG'  (see  Fig.  2). 

The  demonstration  is  simple,  in  fact,  if  not  in  appearance.  In 
Fig.  I let  the  ordinates,  measured  from  AB,  be,  for  ; for  S^, 

}’2 ; and  for  S^,  73 ; so  that  for  the  particular  position  chosen,  NL 
—9',,  RL  = and  TL  — y-^ ; and  let  the  abscissas  ;rbe  measured 
from  AA' . Consider  a strip  of  width  dx,  so  that 
strip  NL=y,  dx  = dS^ 
strip  RL  =y^  dx  — dS^ 
strip  TL  =^3  dx=dS^  (d) 

Now,  from  the  similar  triangles  PAB,  RAL, 

PB  : AB  : : RL  : AL,  or 
y^  : X ::  y^  : X,  whence 
xy,,  = Xy^.  (e) 

Now  multiply  both  sides  by  dx,  and  we  have 
xy,  dx  = X y^  dx 
xd  = Xd  S2 

fx  dS,  = Xf  dS,  = (/ ) 

VVe  know  that  fx  dS^,  taken  within  the  proper  limits,  is  the  mo- 
ment of  St  about  the  axis  AA';  and  from  a well  known  principal 
of  mechanics,  this  is  equal  to  Sj  X ^6^,  when  SG  has  the  signifi- 
cance already  given  to  it,  therefore 

AG  = ^:X. 

Again  in  the  similar  triangles  SAB,  TAL, 

SB  ; AB  ; : TL  : AL  or  xy,^  — Rys  {l) 

from  ie)  y^  = -~y,  and  i^g)  becomes  when  multiplied  by  dx, 

x^y,^  dx  = X^ y^  dx,  and 

fx^  dSt  ==  Xf  dS^  ===  53. 


(/.) 
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Now,  fx^  dst  is  the  moment  of  inertia  ot  N,  about  AA^,,  and  we 
know  the  value  of  the  equivalent  expression  ; therefore 


/a  = X-  5, 


as  already  stated. 


What  we  have  in  and  N3 
if  concentrated  at  the  axis  BB' , 


is  this:  is  an  area  such  that, 

its  moment  about  AA'  will  be 
the  same  as  that  of  the 
area  and  Nj,  if  simi- 
larly concentrated  at 
BB'  has  the  same  mo- 
ment of  inertia  about 
AA'  that  N has  in  its 
distributed  state.  A 
simple  proof  can  be 
worked  out  along  this 
line,  but  it  seems  as  if 
the  one  given  is  better, 
in  that  it  shows  rigor- 
ously that  the  method 
is  an  exact  one. 

Fig.  2 is  an  example 
of  the  application  of 
this  method  to  a seven- 
inch  deck-beam  of  Car- 
negie, Phipps  & Co. : 
here  = 5.3  square  inches,  = 2.35  and  — 1.50;  X=g", 
and  AA'  is  \"  from  the  edge  of  the  section. 


A G 


2.35  X 

5-30 


9 = 3-99 


Ip  = 1.50  X — 5.30  X 3-99^  = 1 2 1. 5 — 84.4  = 37.1  inches. 


The  catalogue  gives  38.8,  and  when  it  is  seen  that  a change  of 
.01  square  inch  in  or  will  affect  the  value  of  Ip  by  about 
half  a unit,  we  appreciate  how  much  graphical  accuracy  is 
needed.  A rather  hasty  working  may  account  for  the  discrepancy 
in  this  case ; closer  ordinates  might  give  better  results.  The 
method  is  certainly  capable  ol  great  accuracy,  and  is  very  con- 
venient for  making  determinations  upon  beam  and  rail  sections. 
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'Of  course,  it  is  always  necessary  to  transform  the  given  area 
into  one  bounded  by  the  base  line  AB,  as  is  done  in  Fig.  2. 
This  is  accomplished  by  drawing  ordinates  through  the  section, 
and,  from  the  base  line  AB,  laying  off  the  intercepts  which  the 
outline  of  the  figure  cuts  from  each  ordinate ; the  necessary  con- 
dition to  be  fulfilled  in  such  a transformation  is,  that  the  distri- 
bution of  the  area  in  the  direction  in  which  the  moment  arms  are 
measured  — that  is,  parallel  to 
AB  — must  not  be  changed: 
and  it  is  readily  seen  that  this 
condition  is  satisfied. 

When  we  take  up  bodies  of 
varying  thickness,  as  the  go\'- 
ernor  weight  in  Fig.  3,  the 
work  is  not  so  simple.  The 
first  thing  to  be  done  is  to 
reduce  the  given  body  to  an 
equivalent  area  of  the  required 
form.  Having  an  accurate 
scale  drawing  of  the  piece, 
showing  at  least  two  views, 
we  draw  through  the  main 
view  a series  of  ordinates  as 
usual,  and  conceive  a plane 
passed  through  each  ordinate 
perpendicular  to  the  plane  of 
the  paper.  Each  of  these 
planes  cuts  the  body  in  a 
section  of  definite  form,  and 
for  each  cutting  plane  we  de- 
termine the  area  of  the  cor- 
responding section.  This  is 
the  most  tedious  part  of  the 
work,  and  gives  many  opportunities  for  the  use  of  labor-saving 
short  cuts.”  Having  determined  these  areas,  we  choose  a base 
line  AB  at  right  angles  to  the  ordinates,  and  from  it  lay  off  on 
each  ordinate  a length  equal  to  the  number  of  square  inches  in 
the  corresponding  section ; (the  use  of  ordinates  of  half  or 
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quarter  size  may  be  necessary,  in  which  event  the  areas  Si,  etc... 
must  be  multiplied  by  2 or  4 as  the  case  may  be).  Now  if  we 
consider  the  area  thus  obtained  to  repre.sent  a disc  or  plate  1"^ 
thick,  we  see  that  it  fully  represents  the  given  body,  and  satisfie-' 
the  condition  given  above  as  to  the  distribution  of  material. 
VVe  can  now  treat  this  exactly  as  in  the  case  of  a plane  figure, 
determining  the  vertical  line  on  which  lies  the  centre  of  gravit}-, 
<jid  the  rectangular  moment  of  inertia  about  this  line.  To 
determine  the  centre  of  gravity  and  the  polar  moment  of  inertia,, 
v.  e must  draw  a set  of  ordinates  at  right  angles  to  the  first,  and 
ro  through  the  whole  operation  again.  The  centre  of  gravity 
then  lies  at  the  intersection  of  two  lines,  or  strictly  speaking,  of 
the  two  planes ; it  is  still  not  fully  determined,  but  in  this  care 
only  the  axis  through  it,  normal  to  the  principal  plane  of  the 
piece  is  required.  The  polar  moment  with  respect  to  this  prin- 
cipal axis  is  the  sum  of  the  two  rectangular  moments  already 
determined. 

In  such  a case  as  this  we  have  the  additional  advantage  that 
the  area  N,,  in  square  inches,  is  numerically  equal  to  the  volume 
of  the  body  in  cubic  inches ; and  there  is  a check  upon  the- 
accuracy  of  the  work  in  the  fact  that  the  volumes  of  Si  from  the 
two  determinations  should  be  the  same.  Also,  that  the  moment 
of  inertia  of  the  area  is  equal  to  that  of  the  volume,  is  evident 
from  the  fact  that  the  numerical  value  will  not  be  changed  by  the 
factor  unit\'  which  represents  the  thickness  of  the  disc  to  which 
the  body  has  been  reduced. 

A word  as  to  a few  practical  details.  Aside  from  good  instru- 
ments and  careful  measurements,  the  degree  of  accuracy  depends 
upon  the  spacing  of  the  ordinates  and  the  tracing  of  the  curves. 
For  beam  section,  where,  relatively,  a good  deal  of  time  is  avail- 
able, the  ordinates  can  be  taken  very  close  together ; but  when 
rapid  work  must  be  done,  judicious  use  of  the  variable  curve  be- 
tween more  distant  ordinates  counts  for  a great  deal.  In  any 
case,  the  ordinates  should  be  crowded  together  where  the  sectic'it 
is  changing  rapidly,  and  strung  out  where  it  is  nearly  constant. 
In  work  such  as  is  shown  in  Fig.  3,  of  which  a connecting  rod 
would  be  a good  example,  the  distance  would  vary  from  a quar- 
ter of  an  inch,  or  less,  in  the  ends,  to  three  or  four  inches  in  the 
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shank  of  the  rod.  Again,  since  the  position  of  the  axes  AA* 
and  BB'  is  arbitrary,  it  is  always  well  to  take  them  a whole  num- 
ber of  inches  from  each  other,  and  from  some  important  point  of 
the  body  or  section.  There  are  some  other  minor  points  which 
might  be  mentioned,  but  enough  has  been  said  to  show  the  good 
points  of  this  method,  and  to  enable  any  one  to  use  it  with  success, 

Robert  C.  H.  Heck,  ’93. 


A ’VARSITY  MAN  IN  PARIS. 

It  was  a very  warm  and  dusty  Sunday  morning,  I remember, 
when  we  steamed  slowly  into  Paris.  I say  zve,  for,  having  been 
foolish  enough  to  take  a third-class  compartment,  I sat  just  oppo- 
site what  seemed  to  be  a gypsy  woman,  with  a baby  and  a very 
large  bundle  of  very  dirty  clothe.s.  I don’t  know  much  about 
babies,  but  think  it  safe’  to  assume  that  this  baby  was  very  warm 
and  uncomfortable,  for,  entirely  oblivious  to  the  attractions  of  a 
greasy  bone  which  his  mother  from  time  to  time  picked  up  off 
the  floor  and  offered  him  to  suck,  he  squalled  without  cessation 
all  the  way  from  Dieppe.  The  father  smoked  a cheap  cigar  and 
dozed  quietly  through  it  all,  while  the  exasperated  passengers 
in  the  neighboring  compartments  threw  cakes  and  oranges  over 
the  partition,  vainly  hoping  to  get  a moment’s  peace  by  filling 
the  child’s  mouth  with  sweets. 

In  my  eagerness  to  learn  French  I could  have  stood  the  fret- 
ting of  a French  child, — but  the  bawling  of  a gypsy  brat!  Well, 
take  a bit  of  friendly  advice — don’t  ride  third  class  in  France. 

My  only  relief  was  trying  to  decipher  the  signs  on  the  stores 
and  warehouses,  and  I felt  much  more  at  home  when  I saw  the 
advertisements  of  Van  Houten’s  Cocoa,  Armour’s  Extract  of 
Beef,  and  even  Sunlight  Soap  on  every  hand  (except  on  the 
gypsy’s). 

The  Frenchman,  by  the  Avay,  has  a mania  for  posting  bills  and 
advertisements,  and  even  the  walls  of  the  churches  bristle  with 
the  unsightly  Defense  d'afficher. 

The  average  university  graduate  knows  French.  He  is  fam- 
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iliar  with  Whitney’s  grammar;  has  read  quite  a number  of 
French  novels,  and  while  he  has  never  had  any  great  practice  in 
speaking  the  language,  he  has  a pretty  good  idea  of  the  nasal 
sounds,  and  has  studied  hard  over  such  points  as  the  lip  position 
for  the  French  71, — in  short,  is  quite  confident  of  his  ability  to 
get  along,  if  he  don't  claim  to  speak  fluently. 

I was  a ’Varsity  man  off  for  a Summer’s  study  in  Paris ; I had 
all  the  theory  of  the  language  well  “ boned  up,”  and  was  sur- 
prised and  grieved  to  find  that  the  man  in  blue  uniform,  who 
snatched  and  ran  off  with  my  valise  after  the  French  custom, 
could  not  understand  the  language  at  all.  The  blank  expression 
and  shrug  of  the  official  to  whom  I appealed  against  the  porter’s 
modest  charge  of  two  francs,  was  sufficient  to  convince  me  that 
there  was  something  foreign  in  my  accent,  and,  paying  the  porter 
to  get  rid  of  him,  I determined  not  to  be  “ done  ” by  the  cabman 
too,  and,  therefore,  did  not  engage  him  until  I had  made  the  trip 
afoot.  Sure  enough,  the  cabby  “ spotted  ” that  foreign  element 
which  again  cropped  out  in  spite  of  the  many  times  I repeated 
the  sentence  to  myself  in  order  to  insure  a quick  and  accurate 
delivery.  The  rascal  made  a long  detour,  expecting  and  demand- 
ing twice  the  usual  fare,  but  this  time  my  blood  was  up,  and  in  a 
vigorous,  if  not  elegant,  mixture  of  English  and  French  and 
profanity,  I told  him  I had  been  “ done  ” enough  for  one  morning, 
and  paying  just  the  bare  amount,  fled  into  the  house,  pursued  by 
a volley  of  oaths. 

Possibly  you  think  it  easy  to  pick  up  French  in  a pension.  Try 
it.  In  the  first  place  they  are  hard  to  find,  and,  as  the  French 
are  second  only  to  the  Chinese  in  conservativeness,  when  you  do 
find  a good  one  it  is  by  no  means  easy  to  get  intimate  with  the 
family.  You  pay  so  much  a month,  and  are  asked  a certain 
number  of  times  a day  how  you  carry  yourself,  whether  you 
expect  to  promenade  yourself  this  afternoon,  etc.,  etc.  And 
beyond  this  the  intimacy  rarely  extends.  In  my  pension  in  the 
Latin  quarter  we  had  a splendid  opportunity  to  acquire  a cos- 
mopolitan accent,  as  our  circle  consisted  of  madame,  her  hus- 
band, two  Germans,  a Swiss,  a Swede,  a Norwegian,  and,  lastly, 
two  Englishmen.  In  this  list  I don’t  include  a Roumanian,  for 
he  took  only  his  lunch  with  us. 
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Unfortunately  no  Summer  courses  were  offered  to  students  at 
the  University,  so  after  a little  cosmopolitan  French  at  home,  I 
would  climb  on  the  imperiale  of  an  omnibus  and  for  three  sous 
ride  to  the  Theatre  fran^ais,  where  a franc  paid  for  a seat  in  the 
pea  nut  gallery  and  three  hours  of  good  French.  If  not  in  a 
hurry  it  is  amusing  to  faire  queue,  as  they  say,  before  the  ticket 
office.  I have  often  waited  .several  hours  in  this  way,  willingly, 
too,  for  the  surliest  man  will  talk  in  such  a position. 

But  it  is  slow  work  at  best,  living  in  a big  city  without  friends, 
and  had  it  not  been  for  the  Louvre,  and  the  Luxembourg  gallery 
and  garden  — a fine  place  to  read  — the  time  would  have  hung 
heavy  on  my  hands.  And  then,  of  late  years,  there  is  no  little 
ill  feeling  between  the  French  students  of  the  Latin  quarter  and 
their  American  and  English  rivals.  The  former  say  their  en- 
forced military  service  handicaps  them'  and  the  foreigners  get  too 
many  scholarships,  hospital  appointments,  etc.  As  a rule  they 
are  unsociable,  and  one  can  hardly  blame  them,  for  there  is  little 
pleasure  in  talking  with  a man  who  understands  but  half  of 
what  is  said.  Some  of  my  friends  go  to  Paris,  bury  themselves 
in  the  Bibliotheqiie  Nationale,  take  morning  coffee  in  their  rooms 
and  dine  in  the  cafes,  learning  just  about  as  much  French  as  if 
they  stayed  at  home. 

Of  course  if  a man  has  money  he  can  hire  a nice  fellow  to 
walk,  talk  and  dine  with  him,  but  the  average  student  is  not 
wealthy,  and  .speaking  to  him,  I should  say,  go  out  in  the  sub- 
urbs, find  some  big  old  country  house  where  the  real  French 
life  can  be  seen.  I know  it  is  feasable,  for  I was  two  months  in 
such  a home  and  became  very  familiar  with  one  phase  at  least  of 
French  society,  and  very  pleasant  it  was,  too  — the  Sunday  de- 
jeuner with  all  the  town  friends  and  relations  around  the  festive 
board,  the  petit  verre  after  dessert,  then  a partie  de  botichon  — a 
quaint  game  something  like  pitching  pennies  or  'duck-ou-a  rock' — 
the  usual  partie  de  ptche  for  the  grown  people,  the  carefully 
chaperoned  walk  for  the  young  folks,  and  finally,  after  the 
elaborate  course  dinner  on  the  lawn,  a dance,  singing,  besigue  and 
whist.  Sundays  such  as  this,  many  a game  of  billard,  many  a 
long  bicycle  ride  with  the  young  men  in  the  neighborhood  would. 
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doubtless,  be  lost  time  for  my  manuscript-loving  philological 
friends,  but  for  the  student  of  the  spoken  language,  and  of  the 
manners  and  customs  of  the  nation  who  speak  it,  such  a Summer 
is  full  of  interest  and  instruction. 


W.  Stuart  Symington,  Jr. 


EDITORIAL. 


WITH  this  issue  we  introduce  the  Quarterly  of  ’93  to  the 
University  and  to  all  who  may  be  interested  in  its  welfare. 
We  shall  proceed  in  general  on  the  lines  laid  out  by  our  brother 
editors,  and  shall  endeavor  to  publish  only  such  matter  as  will 
be  of  interest  to  the  practical  engineer  and  student.  To  further 
the  interests  of  this,  Lehigh’s  only  scientific  journal,  we  need 
the  hearty  cooperation  of  both  alumni  and  students,  and  we 
trust  that  this  interest  will  be  shown  in  a very  material  addition 
to  our  subscription  list. 

In  the  editorial  columns  of  a professedly  .scientific  and  literary 
journal  we  see  the  need  of  expressing  our  views  on  numberless 
questions  of  interest  of  the  day,  but  owing  to  the  very  limited 
time  a college  man  has  to  put  on  any  but  regular  work,  we  feel 
that  more  than  a mere  mention  of  these  matters  of  interest  is  im- 
possible, and  so  our  editorial  column  will  confine  itself  to  matters 
of  every  day  college  affairs. 

To  the  alumni  we  would  like  to  say  that  the  Quarterly  will 
publish  the  best  prepared  articles  on  any  scientific  subject ; and 
we  sincerely  hope  that  every  alumnus  will  deem  it  his  pleasure, 
and  a duty  to  his  alma  mater,  not  to  wait  till  he  is  urged  for  a 
paper  on  some  specific  subject,  but  to  send  of  his  own  accord 
all  such  matter  for  publication  as  he  may  think  will  be  of  general 
interest. 

We  call  particular  attention  to  Prof  Williams’  paper  on  the 
“ Reading  Combination  from  the  Standpoint  of  the  Miner,”  as  it 
seems  that  the  public  has  a very  hazy  idea  of  this  situation,  which 
is  one  of  such  great  importance,  owing  to  the  very  material 
change  it  has  made  in  the  cost  of  one  of  the  prime  necessities  of 
life. 

To  the  student  of  crystallography  Mr.  Barrell’s  very  complete 
presentation  of  his  methods  will  prove  of  signal  a.ssistance.  We 
also  call  especial  attention  to  our  very  complete  Index  Review 
which  e.xtends  back  to  February,  and  is  of  such  great  practical 
value  in  looking  up  a particular  subject. 
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We  announce  the  election  of  Mr.  Robert  C.  H.  Heck  to  the- 
Quarterly  Board,  to  fill  the  vacancy  made  by  Mr.  Evans’  resig- 
nation. 

IT  would  be  hard  to  express  the  surprise  as  well  as  pleasure  we 
felt  on  seeing  the  new  Physical  Laboratoiy  so  well  under  way 
when  college  opened  this  Fall. 

The  dream  of  the  minstrel  man  of  last  term  is  being  realized, 
and  one  year  from  now  Lehigh  can  boast  of  a Physical  Laboratory 
that  far  outsteps  all  others  of  the  kind  in  this  country. 

The  building  will  be  216  feet  in  length  and  55  feet  in  width, 
making  it  three  feet  shorter  and  eleven  feet  wider  than  the  Chemi- 
cal Laboratory. 

In  the  east  basement,  and  floor  above,  the  use  of  iron  in  con- 
struction will  be  entirely  avoided,  as  all  delicate  e.xperiments  in 
magnetism  will  be  carried  on  in  this  part  of  the  building.  The 
nails,  hinges,  locks,  pipes,  radiators,  etc.,  will  be  made  of  brass,, 
and  all  beams  will  be  made  of  wood. 

Under  the  north-eastern  part  of  this  building  there  will  be  an 
even  temperature  vault,  which  is  expected  to  vary  in  temperature 
not  more  than  i ° C.  during  the  entire  year.  This  will  be  used 
for  calibrating  instruments,  testing  resistances,  and  for  all  other 
experiments  where  extreme  accuracy  is  desired  and  even  tempe- 
rature necessary. 

The  facing  of  the  entire  building  will  be  broken  range  work 
equal  to  that  of  the  Chemical  Laboratory,  the  chimneys  being 
dark  red  pressed  brick. 

The  east  end  of  the  third  story,  which  is  to  be  devoted  to 
Photography,  will  be  so  arranged  that  it  can  be  divided  into  ten 
dark  rooms  by  means  of  moveable  partitions. 

The  tower,  125  feet  high,  will  add  greatly  to  the  appearance  of 
the  building,  at  the  same  time  affording  a most  favorable  position 
for  rooms  devoted  to  spectroscopic  aud  meteorological  work. 

A large  hand  elevator,  with  a capacity  of  2000  pounds,  will  be 
run  from  the  basement  to  the  third  floor. 

The  building  will  be  completed  by  the  first  of  next  August, 
and,  it  is  thought,  will  be  ready  for  occupancy  by  the  beginning 
of  the  Fall  term. 
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When  completed  and  equipped,  the  cost  will  approximate 
250,000  dollars. 

This  well  directed  improvement  will  greatly  increase  the  effi- 
ciency of  the  Electrical  course  at  Lehigh,  as  well  as  add  beauty 
and  completeness  to  her  now  unrivaled  campus.  The  plans  reflect 
much  credit  upon  Prof.  Harding,  who  made  them,  and  upon  Mr. 
Houskeeper,  who  assisted  him. 

WHAT  a tremendous  increase  in  class  feeling  has  been  shown 
in  our  new  method  of  establishing  the  lordly  Sophomore’s 
supremacy  over  the  Freshmen.  We  hope  to  see  the  games  of 
Columbian  Day  established  firmly  as  a precedent,  to  take  place 
annually  at  some  specified  time,  and  thus,  without  the  dangers 
and  rowdyism  of  the  cane-rush,  test  the  physical  abilities  of  the 
lower  classes. 

Many  of  the  upper  classmen  remember  the  close  contests 
between  the  Sophomores  and  Freshmen,  when  there  were 
regular  base-ball,  foot-ball,  and  lacrosse  games  between  the 
classes ; the  winning  teams  of  the  upper  and  lower  classes  then 
playing  each  other  for  the  class  championship. 

Why  not  renew  this  custom?  It  is  followed  at  Yale,  Prince- 
ton, University  of  Pennsylvania,  Cornell,  and  other  colleges,  and 
is  a great  factor  in  developing  material  for  ’Varsity  teams.  The 
disastrous  score  made  by  Cornell  against  us,  will  naturally  make 
old  Lehigh  men  anxiously  inquire  whether  Lehigh  is  losing  her 
athletic  spirit.  But  this  can  not  be  so,  for  have  we  not  now 
nearly  twice  the  number  of  men  we  had  in  those  days  when  we 
played  Cornell  and  University  of  Penn.sylvania,  even,  and  held 
Princeton  down  to  small  scores  ? 

The  scheme  could  be  very  materially  aided,  if  a trophy  is 
offered  for  the  winning  team,  either  by  the  athletic  association, 
or  else  by  the  united  action  of  the  classes.  And  for  the  sake  of 
athletics  here  at  Lehigh  we  hope  that  some  means  will  be 
devised  of  developing  such  talent  as  at  present  is  content  with 
doing  nothing. 

IT  is  with  great  regret  that  we  see  several  of  our  best  men  about 
to  leave  for  breaking  one  of  the  University  rules — that  as  to 
hazing.  We  do  not  presume  to  criticize  the  action  taken  by  the 
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faculty  in  this  matter,  but  in  view  of  the  very  severe  punishment 
meted  out  to  these  men,  we  feel  it  our  duty  to  voice  the  college 
opinion,  which  is  quite  united.  These  men  undoubtedly  hazed 
the  boy  who  made  the  complaint,  and  in  so  doing  broke  a Uni- 
versity rule,  for  which  some  punishment  was  right  and  proper. 
But  are  there  no  extenuating  circumstances?  Should  not  in  this 
case  the  punishment  be  very  much  tempered  with  mercy  ? We 
think  so : and  why  ? The  boy,  who  is  not  in  the  University,  had 
made  himself  very  objectionable  to  some  of  the  students,  and 
needed  some  of  the  starch  taken  out  of  him.  In  the  early  part 
of  the  practical  joking  he  was  quite  in  the  humor  for  it,  and 
made  the  remark  to  a bystander  that  he  wanted  to  be  hazed. 
There  was  no  maliciousness  whatever  in  the  actions  of  the  stu- 
dents, and  it  has  been  positiv^ely  asserted  that  no  injury  was  done 
the  boy  beyond  a slight  bruise  due  to  an  accidental  fall. 

As  for  the  indignities  heaped  upon  him,  we  think  most  de- 
cidedly that  some  step  should  be  taken  to  make  this  a lesson  to 
students  in  the  future ; but  should  those  steps  go  to  the  extreme 
of  preventing  two  men  from  ever  getting  an  education,  and 
putting  a slur  on  their  names  that  will  last  through  their  lives  ? 
We  think  not. 

The  students  concerned  are  not  at  all  of  the  rowdy  element  in 
college,  never  having  in  any  way  participated  in  hazing  before, 
and  simply  went  into  it  with  an  idea  of  having  some  fun.  The 
subsequent  actions  of  the  hazed  boy  have  shown  him  up  in  a 
v'ery  unenviable  light,  as  it  has  been  stated  under  oath,  that  he 
had  made  the  statement  that  he  intended  making  money  out  of 
the  whole  affair.  We  think  there  was  no  leadership  in  the 
matter,  and  all  the  men  concerned  are  equally  culpable,  and 
though  richly  deserving  punishment,  we  do  not  think  the  offence 
great  enough  to  expel  anyone  of  them,  and  we  sincerely  hope 
that  the  petition  to  be  put  before  the  faculty  may  have  its  desired 
effect  of  limiting  the  suspension  from  college  in  each  case  till 
January. 

[Since  our  last  writing  the  faculty  has  reconsidered  its  action, 
and  on  the  .signing  of  a pledge  by  the  individual  men  of  both  the 
lower  classes,  all  the  students  engaged  have  been  reinstated  in 
full  standing,  and  we  should  congratulate  ourselves  that  the 
matter  has  been  settled  so  satisfactorily  to  all  parties. — Eds.] 
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IT  is  a very  difficult  matter  to  write  of  a delicate  point  of  honor 
without  stepping  rough-shod  over  people  in  general;  and  to 
avoid  the  inevitable — “people  in  glass  houses” — let  us  start  by 
saying  that  most  of  us  do  it  more  or  less.  Yes,  to  our  shame 
be  it  said,  “Ponying”  has  gotten  to  be  almost  a college  custom. 
Right  here  lies  the  trouble.  We  say,  “ well,  everybody  ponies  ; 
we  make  no  secret  of  it ; the  Faculty  knows  it,  and  where  is  the 
harm  ?”  Or,  we  say  this,  and  even  think  it  outwardly,  but  down  in 
the  bottom  of  our  hearts  we  know  that  it  is  small  and  unmanly, 
and  we  individually  would  be  only  too  glad  to  see  the  whole 
thing  abolished,  and  this  black  line  erased  from  across  each  day 
of  our  college  life. 

Who  is  there  who  has  not  known  the  great  pleasure  of  making 
a 10  in  Mathematics  with  no  assistance  whatever,  and  who  is  there 
who  would  not  like  to  see  Lehigh  cleared  of  this  slur  ? No  one. 
Is  there  no  way  of  making  a beginning  ? Is  there  no  stand  we 
can  take  to  stop  the  thing  among  the  men  who  have  just  entered 
and  who  have  not  as  yet  become  as  indifferent  to  it  as  we  our- 
selves ? Think  of  the  injustice  to  the  man  who,  from  having  his 
ideas  knocked  into  him  before  he  came  here,  tries  to  get  his  de- 
gree by  himself  It  is  very  certain  that  the  standard  of  the  Uni- 
versity must  be  raised  by  this  custom,  and  we  might  .say  that  a 
man  is  almost  driven  to  ponying  for  this  reason. 

We  will  not  make  any  comparison  between  places,  but  it  is  a 
well  known  fact  that  where  college  sentiment  is  down  on  such 
doings,  a man  is  ashamed  of  the  practice,  and  e.xcept  in  rare  cases 
it  becomes  an  unknown  factor  in  recitations  and  examinations. 

During  the  past  year  the  athletic  field  has  been  the  recipient 
of  much  attention  both  editorial  and  financial,  which  has  re- 
sulted in  a number  of  beneficial  changes.  It  was  generally 
considered  that  the  final  arrangement  of  the  foot-ball  field,  the 
diamond,  and  the  track  was  the  be.st  that  could  be  made  under 
all  the  restricting  conditions.  But  now  it  has  become  apparent 
that  at  least  one  feature  of  the  field  is  sadly  out  of  harmony  with 
the  rest,  and  that  is  the  track.  Dividing,  as  it  does,  the  base-ball 
and  foot-ball  fields,  it  is  a detriment  to  both.  It  almost  spoils  the 
left  and  centre  fields;  it  re.stricts  the  lacrosse  field  to  less  than  the 
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space  required  under  the  rules  of  the  Intercollegiate  Association  ; 
and  forces  the  foot-ball  field  entirely  too  far  toward  the  western 
fence.  At  the  same  time  it  makes  it  a matter  of  difficulty  to  get 
a straight  hundred,  and  requires  almost  five  laps  to  the  mile.  As 
it  stands  the  track  will  have  to  undergo  considerable  improve- 
ment, and  while  this  is  being  done  would  it  not  be  well  to  make 
a change  of  such  a nature  as  to  remove  some,  if  not  all,  of  its 
present  faults  ? Such  a change  w'e  think  could  be  accomplished 
by  extending  the  track  across  the  diamond,  and  making  the  turns 
close  to  the  eastern  fence,  bringing  it  back  through  the  right  field. 
This  move  would  not  entail  much  expense,  for,  assuming  the 
grade  constant  on  the  south  side  of  the  track,  the  greatest  fill  re- 
quired, that  on  the  northeastern  corner  of  the  field,  would  be  but 
1 8 feet,  and  could  be  made  almost  entirely  from  the  fill  that  at 
present  separates  the  tw'o  fields.  The  diamond  is  now  on  exactly 
the  same  grade  as  the  track  in  front  of  the  grand  stand,  and  thus 
that  would  not  be  interfered  with  in  the  least. 

The  advantages  which  w^ould  be  obtained  are  many.  The 
lacrosse  and  foot-ball  field  would  be  unrestricted.  There  would 
be  no  difficulty  in  getting  a straight  hundred,  and  a two-twenty 
could  be  had  with  but  one  turn.  A mile  could  be  made  in  about 
three  laps.  By  allowing  ti  e foot-ball  field  to  move  farther  east, 
the  turns  on  the  western  side  could  be  much  eased,  and  the 
track  would  be  open  to  bicyclers,  for  now  the  turns  are  too  sharp 
to  admit  of  any  speed  like  that  of  a bicycle  race.  The  disad- 
vantage of  obstructing  the  right  field  would  be  more  than  counter- 
balanced by  the  opening  of  left  and  centre  fields.  As  w^e  men- 
tioned before,  the  track  is  now  in  a very  bad  condition.  Some 
of  the  turns  slope  out  instead  of  in,  and  it  is  in  some  places 
between  one  and  two  feet  below  grade.  These  things  will  have 
to  be  remedied  this  Spring,  and  we  would  earnestly  request  the 
Athletic  Association  to  give  serious  thought  to  the  changes 
indicated  abov^e,  and  we  sincerely  hope  that  either  this  or  some 
better  plan  will  be  adopted  to  avoid  in  the  future  the  incoveni- 
ences  that  have  been  caused  in  the  past. 

There  seems  to  be  very  little  of  a clear  understanding  to  the 
amendments  to  the  By-Laws  of  the  Athletic  Association  made 
last  Spring  by  the  college,  and  as  these  amendments  have  been 
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temporarily  mislaid,  a few  words  might  help  to  explain  their 
salient  points.  All  funds,  both  from  collections  and  gate  receipts, 
will  be  handed  over  to  the  Treasurer  of  the  Athletic  Association, 
who  will  give  a receipt  for  same.  All  disbursements  of  money 
will  be  made  by  the  Executive  Committee  of  said  Association  in. 
such  proportion  to  each  branch  of  athletics  as  they  may  see  fit. 
Thus  the  financial  matters  of  the  Association  will  be  put  on  a 
much  firmer  basis,  and  it  is  hoped  that  the  whole  college  will  be 
benefited  by  the  change.  The  students  will  be  asked  for  but 
one  subscription  of  five  dollars  for  the  support  of  athletics,  and 
as  the  collection  of  this  money  is  to  be  put  systematically  into 
the  hands  of  men  from  each  class,  we  feel  quite  sure  that  the 
larger  portion  of  it  will  be  realized. 
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This  column  will  contain,  chiefly,  such  information  in  regard  to  addresses  and  occupations  of  -Alumni 
as  does  not  appear  in  the  latest  issue  of  the  Lehigh  Register.  Please  contribute. 

’78.  M.  P.  Paret,  charge  of  Harbor  Surveys,  Baltimore,  Md. 

’83.  Charles  C.  Hopkins,  Stanwix  Eng.  Co.,  Rome,  X.  Y. 

’87.  James  W.  Kittrell,  Stanwix  Eng.  Co.,  Rome,  X.  Y. 

’87.  R.  \V.  Barrel!,  E.M.,  Manager  of  Assaying  Dep’t  of  Golden  Leaf  Limited, 
Cavendish,  Montana. 

’88.  C.  L.  Banks,  B.S.,  M.D.,  House  Surgeon  at  Post  Graduate  Hospital,  226  East 
20th  Street,  N.  Y.  City. 

’88.  O.  C.  Burkhart,  E.M.,  Instructor  Colliery  Engineering,  School  of  Mines,  Coal 
Exchange,  Scranton,  Pa. 

’88.  A.  T.  Bruegel,  M.E.,  Instructor  of  Mechanical  Engineering  at  Cornell. 

’88.  W.  L.  Wilson,  C.E.,  1016  Vermont  Avenue,  Washington,  D.  C. 

’89.  W.  D.  Farwell,  B.A.,  City  Editor,  Xewark  Daily  Advertiser. 

’90.  C.  E.  Coxe,  E.M.,  Sup’t  Bessie  Furnace,  Columbus  & Hocking  Valley  Coal  & 
Iron  Co.,  New  Straitsville,  O. 

’90.  F.  R.  Coates,  E.M.,  Supervisor  of  Wheeling  & Pittsburgh  Branch  of  B.  & O. 
R.  R.,  Washington,  Pa. 

’90.  F.  R.  Barret,  C.E.,  .Assistant  Engineer,  Norfolk  & Western  R.  R.,  care  of  W. 
H.  Hall,  Division  Engineer,  Elkhorn,  W.  Va. 

’90.  W.  S.  Cope,  C.E.,  Assistant  Engineer,  Xorfolk  & Western  R.  R.,  care  of  W. 
H.  Hall,  Division  Engineer,  Elkhorn,  W.  Va. 

’90.  C.  H.  Detwiler,  C.E.,  Inspector  of  Masonry,  Xorfolk  & Western  R.  R.,  care 
of  W.  A.  Duane,  Principal  Assistant  Engineer,  Venora,  W.  Va. 

’90.  C.  E.  Fink,  C.E.,  Inspector  of  Masonry,  Xorfolk  & Western  R.  R.,  care  of 
W.  A.  Duane,  Principal  Assistant  Engineer,  Venora,  W.  Va. 
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’90.  F.  K.  Houston,  M.E.  F.  K.  Houston  & Co.,  cuts  for  advertisements;  324 
Broadway,  New  York  City. 

’90.  J.  S.  B.  Hollingshead,  E.M.,  Reduction  Works  of  Boston  & Montana  Consol- 
idated Silver  and  Mining  Co.,  Great  P'alls,  Mont. 

’90.  W.  C.  Riddick,  C.E.,  Professor  of  Mathematics,  University  of  North  Carolina. 

’90.  F.  D.  Thomson,  M.E.,  Manager  of  Blast  Furnaces,  Edgar  Thompson  Works, 
Braddock,  Pa. 

’90.  A.  H.  Van  Cleve,  C.E.,  with  Niagara  Falls  Power  Co. 

’90.  C.  W.  Platt,  A.C.,  Secretary  and  Treasurer  of  Vandenbergh  Laboratory  of 
Chemical  Industry,  corner  Swan  and  Washington  Streets,  Buffalo,  N.  Y. 

’90.  C.  A.  P.  Turner,  C.E.,  with  Columbus  Bridge  Co.,  Columbus,  O. 

’91.  E.  H.  Coxe,  C.E.,  with  Norfolk  & Western  R.  R.,  Dunlow,  W.  Va. 
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Eye  Sight  in  Middle  Life  and  Old  Age.  Hints  for  Its  Care  and  Preservation. 
Jour.  Frank.  Inst.,  June. 

Feed  Water  Heaters,  Gain  from  the  Use  of.  I.  Age,  Aug.  ii. 

Films,  Experiments  on  Surface.  Sci.  Am.  Sup.,  June  ii. 

♦Fire  Proof  Construction.  I.  Age,  June  30. 

Flames,  Structure  and  Chemistry  of.  Jour.  Chem.  Soc.,  Mar. 

Plight,  Mechanical.  Sci.  Am.  Sup.,  July  30. 

Floor  Arches,  Tests  of  Fire  Proof.  Eng.  Build.  Rec.,  May  7. 
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Fluorine.  Eng.  Min.  Jour.,  April  2. 

■*Flying  Machines,  Progi-ess  in.  R.  R.  and  Eng.  Jour.,  March. 

*Fly  Wheels,  A Study  of.  Am.  Mach.,  Sept.  8. 

Foundry  Mixtures.  Iron,  July  29. 

■’^Foundry  Practice,  Stove.  I.  Age,  April  19. 

Foundry  Plant,  A New.  Eng.  Build.  Rec.,  April  2: 

Friction  in  the  Bores  of  Rifled  Guns,  Energy  Absorbed  by.  Proc.  Roy.  Soc., 
April  9. 

*Fuel  and  its  Efficiency.  Eng.,  July  i.  Iron,  June  10. 

Fuel  Gas  System,  An  Improved.  I.  Age,  April  21. 

Fuels  and  their  Use.  Jour.  Soc.  Chem.  Ind.,  July  30. 

Furnace,  Frederick  Siemen’s  New.  I.  Age,  April  21. 

Gas  in  Bulk,  Enrichment  of,  by  Means  of  Carburetters.  Jour.  Gas  Light.,  April  26. 
Gas  Lighting  in  Railway  Trains,  Development  of.  Jour.  Gas  Light.,  April  26. 

Gas  Production  of  Heating,  and  Ammonia.  Sci.  Am.  Sup.,  Oct.  15. 

Gas  Works,  Structural  Capacity  and  Cost  of.  Jour.  Gas  Light.,  June  28. 

Gas  Works,  Value  of  by  Products  of,  and  Methods  of  Estimating  them.  Jour. 
Gas  Light.,  Aug.  23. 

Gases,  Notes  on  Carburetting  of  Jour.  Gas.  Light. ^ June  28. 

Gases  and  Vapors,  Action  of  Electric  Discharge  on.  Elec.,  Sept.  23. 

^Gearing.  Elec.,  Aug.  19. 

Gearless  Motor,  Practical  Operation  of  Elec.  World,  April  16. 

Generating  Stations  and  their  Physical  Hazards.  Sci.  Am.  .Sup.,  April  9. 

*Geology  of  Metals,  Economic.  Coll.  Eng.,  April. 

Geology  of  the  Natural  Gas  Fields  about  Pittsburg.  Eng.  Min.  Jour.,  July  30. 
Geology,  WTiy  we  should  teach.  Pop.  Sci.  Mo.,  May. 

Glass,  Austrian  Sheet  and  Mirror.  Am.  Arch.,  Aug.  20. 

Gold,  Cyanide  Process  for.  Sci.  Am.  Sup.,  April  i6j 
Gold,  The  Condition  of,  in  Pyrite.  Eng.  Min.  Jour.,  April  23. 

*Gold  Ores,  Variations  in  the  Milling  of  Eng.  Min.  Jour.,  Aug.  27. 

^Graphical  Construction  of  Indicator  Diagrams  of  Multi-Cylinder  Engines.  Am. 
Mach.,  Aug.  II. 

Guns,  Making  Great.  I.  Age,  Sept.  i. 

*Gun  Manufacturing  in  the  United  States,  Recent  Development  and  Progress  of. 
I.  Age,  June  16. 

Halides,  Researches  on  the  Double.  Am.  Chem.  Jour.,  Feb. 

Hawarden  Bridge  Over  the  River  Dee,  England.  Eng.  News,  Sept.  15. 

Hearth  and  Bosh  Walls  of  the  Blast  Furnace,  Preservation  of  Iron,  May  13. 
Heat,  Atmospheric  Radiation  of  Am.  Jour.  Sci.,  May. 

Heat  Conductivity  on  Passing  Isothermally  from  Solid  to  Liquid,  Change  of  Am. 
Jour.  Sci.,  July. 

Heat  Produced  by  Eddy  Currents  in  an  Iron  Plate  Exposed  to  an  Alternating  Mag- 
netic Field.  Elec.,  April  8. 

Heating  and  Smelting,  Electric.  Eng.  Min.  Jour.,  July  16. 

Highway  Construction.  Jour.  Ass.  Eng.  Soc.,  Aug. 
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Highways,  The  Administration  of  French.  Eng.  Build.  Rec.,  April  i6. 

Highways,  The  Construction  and  Maintenance  of.  Eng.  Min.  Jour.,  April  23. 
Hydraulic  Experiments.  Eng.  Build.  Rec.,  Sept.  20. 

Hydrogen,  Occlusion  of,  by  Lead.  Chem.  News,  April  22. 

*Hydrogen,  Peroxide  of.  Sci.  Am.  Sup.,  June  ii. 

Hydro-quinone  Developer,  The  Rapid.  Anth.  Phot.  Bui.,  June  25. 

Hyperion,  Orbit  of.  Ast.  Jour.,  March  31. 

Illumination  of  Buildings,  Internal.  Am.  Arch.,  June  ii. 

Impact,  or  the  Force  of  Percussion.  Sci.  Am.  Sup.,  July  g. 

Insulation.  Sci.  Am.  Sup.,  Aug.  6.  Elec.  World,  July  2. 

*Iron  and  Chromium,  Alloys  of.  Iron,  Sept.  30. 

Iron  and  Steel,  The  Microscopic  Structure  of.  I.  Age,  June  23. 

Iron  and  Titanium,  Alloys  of.  Iron,  April  8. 

Iron  Ore,  Granulation  of,  by  Means  of  Crushers  and  Rolls.  Eng.  News,  July  14. 
*Iron  Ore,  Magnetic  Separation  of.  Eng.  Min.  Jour.,  June  18. 

Iron  Ore  Concentration,  Methods  of.  Bull.  I.  and  S.  Ass.,  June  15. 

Isotasy,  The  Gulf  of  Mexico  as  a Measure  of.  Am.  Jour.  Sci.,  Sept. 

Kinematics  of  the  Rotar)'  Field,  The.  Elec.  World,  April  16. 

Labor  Problem,  The  Modem.  Eng.  News,  Sept.  i. 

Lag,  The  Volume,  and  its  Bearing  on  Molecular  Construction.  Am.  Chem.  Jour., 
March. 

Lake  Currents.  Jour.  Ass.  Eng.  Soc.,  July. 

Land,  Waste  and  Gain  of  Dry.  Pop.  Sci.  Mo.,  July. 

Lapachic  Acid  and  its  Derivitives,  Constitution  of.  Jour.  Chem.  Soc.,  Aug. 
^Latitude,  Periodic  Variation  of,  at  Cordova.  Ast.  Jour.,  Mar.  3. 

^Latitude,  Notes  on  Variation  of.  Ast.  Jour.  May  31. 

Latitude  Determinations  at  the  Sayre  Observatory.  Ast.  Jour.,  Sept.  17. 

Layers  in  Solutions  of  Salts  in  Mixtures  of  Water  and  Organic  Liquids,  Formation 
of.  Am.  Chem.  Jour.,  May. 

Leather  Making.  Pop.  Sci.  Mo.,  July. 

Life  Saving  Devices.  Sci.  Am.  Sup.,  April  9. 

Liver,  Chemistry  of  the.  Am.  Jour.  Phar.,  June. 

■^Liverpool,  England,  Vymwy  Water  Supply  for.  Eng.,  June  17.  Eng.  News, 
Aug.  18. 

Locomotive  Tests,  Standard.  R.  R.  Gaz.,  May  27.  Eng.  News,  May  19. 
Locomotives,  Electrical.  Eng.  Aug.  19. 

Logarithmic  Systems,  Classification  of.  Am.  Jour.  Math.,  April. 

Long  Distance  Transmission  for  Lighting  and  Power.  Elec.  World,  June  iS. 
Longitude,  Determination  of,  by  Moon  Culminations.  Lehioh  Quarterly, 
June. 

Luminosity  of  Coal  Gas  Flames.  Jour.  Chem.  Soc.,  April. 

Magnesite  Lining  in  the  Martin-  Siemens  Furnace,  Calcined.  Iron,  July  15. 
Magnesium  as  a Source  of  Light.  Am.  Jour.  Sci.,  April. 

♦Magnetic  Field,  Graphic  Representation  of.  Jour.  Frank.  Inst.,  July. 
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Magnetism,  Wave  Propagation  of.  Sci.  Am.  .Sup.,  July  2. 

Magnetization,  Changes  Produced  by,  in  Length  of  Wires  Carrying  Circuits.  Proc. 
”Roy.  Sci.,  Aug.  26. 

Malaysia,  Coal  Fields  of.  Tr.  Fed.  Min.  Eng.,  June  16. 

Manganese  Salts  in  Photography.  Anth.  Phot.  Bui.,  July  23. 

Mannitol  and  Dulcitol,  Pure  Fermentation  of  Jour.  Chem.  Soc.,  April. 

Marine  Engine  Trials.  Eng.,  May  13. 

Marine  Engines  and  the  Vibrations  of  Vessels,  Balancing.  Eng.,  April  8.  R.  R. 
and  Eng.  Jour.,  Aug. 

Maps,  Practical  Projection  and  Construction  of  Proc.  Eng.  C.  Phila.,  July. 
Measures.  Jour.  Soc.  Chem.  Ind.,  March  31. 

Mechanics,  Photography  in.  I.  Age,  Aug,  18. 

Mercuric  Zinc  Cyanide.  Jour.  Chem.  .Soc.,  Aug. 

Metallurgy',  Electro.  Iron,  July  22. 

Metals  at  High  Temperatures.  Sci.  Am.  Sup.,  June  ii. 

Meteorological  Discovery,  A Chapter  in.  Pop.  Sci.  Mo.,  Oct. 

Mica  and  the  Mica  Mines.  Pop.  Sci.  Mo.,  Sept. 

Micrography,  Improvements  in.  Sci.  Am.  Sup.,  Aug.  13. 

Micro-Organisms  in  Their  Relation  to  Chemical  Change.  Sci.  Am.  Sup.,  July  9. 
Milk,  Leffman  & Beam’s  Method  of  Fat  Estimation  in.  Anal.,  Aug. 

Milk  and  Milk  Products,  Composition  of.  Anal.,  April,  May. 

*Mill  Buildings,  Iron.  Eng.  Build.  Rec.,  May  28. 

Mines,  Accidents  in.  Eng.  Min.  Jour.,  May  28. 

Mining,  Machine.  Coll.  Eng.,  Mar. 

Mining  Engineering.  Jour.  Ass.  Eng.  Soc.,  April. 

Moon’s  Motion,  On  the  Part  of  the  Parallactic  Inequalities  in  the,  which  is  a 
Eunction  of  the  Mean  Motions  of  the  Sun  and  Moon.  Am.  Jour.  Math.,  April. 
Motor,  Practical  Application  of  the  Electric.  Lehigh  Quarterly,  June. 

Motor  without  Fuel,  and  the  Second  Principle  of  Thermodynamics,  A.  Jour. 
Frank.  Inst.,  -Aug. 

Movements,  Involuntary.  Pop.  Sci.  Mo.,  April. 

Mud,  A Material  in  Persian  and  Eastern  Architecture.  Am.  Arch.,  July  2. 

Mud  as  a Building  Material.  Pop.  Sci.  Mo.,  Oct. 

Municipal  Government,  with  Special  Reference  to  the  Management  of  Public 
Works.  Jour.  Ass.  Eng.  Soc.,  March. 

Musk,  Studies  in  Artificial.  Jour.  Soc.  Chem.  Ind.,  April  30. 


Neptune’s  Satellite,  Orbit  of  Ast.  Jour.,  May  31. 

New  Zealand,  Metalliferous  Mining  in.  Iron,  Sept.  9. 

Niagara  Power  Plant.  Eng.  Build.  Rec.,  Sept.  24. 

Nickel  Ores,  Geology  and  Metallurgy  of  the  New  Caledonian.  Eng.  Min.  Jour., 
July  9. 

Nitro-Explosives,  Analysis  of  Jour.  An.  Ap.  Chem.,  June. 

Nitrogen,  Methods  for  the  Determination  of  Chem.  News,  May  27. 

Nitrogen,  Stereochemistry  of  Am.  Chem.  Jour.,  April. 

Nitrogen  in  Organic  Bodies,  Dumas’  Method  for  Estimating.  Jour.  Soc.  Chem. 
Ind.,  April  30. 
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■^Nitrogen  in  Organic  Bodies,  A New  and  Rapid  Method  for  the  Determination  of. 
Anal.,  June. 

Nux  Vomica,  Assay  of  Am.  Jour.  Phar.,  July. 

Oil,  Uses  of,  for  Carburetting  Gas.  Jour.  Gas  Light.,  May  17. 

Oil,  Use  of,  in  Ammonia  Gas  Compressors,  Jour.  Frank.  Inst.,  April. 

Oil  Gas,  Production  of,  from  Russian  Petroleum,  Jour.  Soc.  Chem.  Ind.,  July  30. 
Oil  Gas  Manufacture,  Notes  on.  Jour.  Gas  Light.,  May  17. 

Oils  for  Enriching  Coal  Gas,  Comparative  Value  of  Various.  Jour.  Gas  Light., 
May  17. 

Oleomargarine.  Jour.  P’rank.  Inst.,  Sept. 

Open  Hearth  and  Bessemer  Practice,  Important  Innovations  in.  Eng.  News, 
Sept.  15. 

Ordnance  and  Armor  Plate,  Manufacture  of  Heavy.  Lehigh  Quarterly,  April. 
Organic  Acids,  Dissociation  Constants  of  Jour.  Chem.  Soc.,  Aug. 

Oxygen  Dissolved  in  Water,  Estimation  of  Jour.  Chem.  Soc.,  April. 

Oxygen  Gas,  Manufacture  of  Jour.  Soc.  Chem.  Ind.,  April  30. 

Oxygen  Purification.  Jour.  Gas  Light.,  Sept.  27. 

Ozone,  Fahrig’s  Electrostratic  Process  for  the  Manufacture  of  Sci.  Am.  Sup., 
Sept.  24. 

^Petroleum  as  a Fuel,  Use  and  Misuse  of  I.  Age,  July  21. 

Phosphate,  Mining,  Washing  and  Calcining  South  Carolina  Sand.  Eng.  Min. 
Jour.,  Mar.  26. 

Phosphates,  P'lorida.  Eng.  Min.  Jour.,  April  2. 

*Phosphates,  On  the  Natural.  Chem.  News,  July  15. 

Phosphoric  Acid,  Preparation  of  Pure,  from  Phosphate  of  Soda.  Jour.  Soc.  Chem. 
Ind.,  Mar.  31. 

Phosphoric  Acid,  Report  on.  Chem.  News,  May  13. 

Phosphorous  Oxide.  Sci.  Am.  Sup.,  July  2. 

Phosphorus,  Manufacture  of  by  Electricity.  Eng.  Min.  Jour.,  Mar.  26. 

Phosphorus  in  Iron,  Steel  and  Ores,  A Rapid  Method  for  the  Determination  of. 
Jour.  An.  Ap.  Chem.,  April. 

Photographic  Operations,  Chemical  Changes  Attending.  Chem.  News,  April  14. 
Photographing  and  Blue  Printing  Line  Drawings.  I.  Age,  Sept.  29. 

Piles,  Allowable  Load  on.  Eng.,  May  6. 

Piling  vs.  Mud  Sills  for  Bridge  Eoundations.  R.  R.  Gaz.,  Sept.  9. 

*Pollet  Swinging  Bridge,  The.  R.  R.  Gaz.,  Aug.  26. 

Portland  Cement,  Manufacture  of,  from  Alkali  Waste.  Jour.  Soc.  Chem.  Ind., 
June  30. 

Portland  Cement  and  Plot  Water  Tests.  Eng.  Build.  Rec.,  Aug.  20. 

Post  Laramie  Deposits  of  Colorado,  The.  Am.  Jour.  Sci.,  July. 

Potash,  Determination  of,  by  Method  of  Lindo.  Jour.  An.  Ap.  Chem.,  Aug. 
Potassium  Tri  Halides  with  their  crystallography.  Am.  Jour.  Sci.,  June. 

Powders  and  Nitrated  Explosives,  Manufacture  of  Sci.  Am.  Sup.,  May  21. 
Power,  Electric  Transmission  of.  Jour.  Frank.  Inst.,  Sept. 

Power,  Practical  Transmission  of,  by  means  of  Electricity  and  its  Application  to 
Mining  Operations.  Tr.  Fed.  Min.  Eng.,  May  6. 
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Power,  Transmission  of,  by  Compressed  Air.  Eng.  Build.  Rec.,  Aug.  13. 

Power  in  Internal  Combustion  Engines,  Cost  of.  Proc.  Eng.  C.  Phila.,  July. 

Power  in  Mexico  and  our  Western  Mining  Regions,  Cost  of.  Proc.  Eng.  . 
Phila.,  July. 

Power  Transmission  in  High  Buildings.  I.  Age,  Oct.  20. 

^Presses  in  Iron  Works,  High  Pressure  Hydraulic.  I.  Age,  Aug.  25. 

Printing  Out  Papers,  The  Development  of.  Anth.  Phot.  Bull.,  May  28. 

Projectiles  for  the  Government,  Making.  I.  Age,  May  26. 

Proteids  or  Albumenoids  of  the  Oat-Kernel.  Am.  Chem.  Jour.,  Mar. 

Pyrites  as  a Material  for  the  Manufacture  of  Sulphuric  Acid.  Jour.  An.  Ap. 
Chem.,  Mar. 

Pyrometers,  Platinum.  Eng.,  June  17. 

Quartic  Equations,  The  Deduction  of  Final  Formula:  for  the  Algebraic  Solution  of. 
Am.  Jour.  Math.,  July. 

Quaternions,  Applications  of,  to  Projective  Geometry.  Am.  Jour.  Math.,  April. 
Quicksand,  A New  Process  for  Dealing  with.  Eng.  News,  April  28. 

Quinone,  Halogen  Derivatives  of.  Jour.  Chem.  Soc.,  July. 

Quinone-Oxine,  Ethers  of.  Am.  Chem.  Jour.,  April. 

Rail  Breakages,  Causes  of.  I.  Age,  April  28. 

Railway  Curves,  Resistance  of.  Eng.,  Sept.  23. 

Railway  Ties,  Steel.  I.  Age,  Aug.  ii. 

Railway  Work,  Street.  Lehigh  Quarterly,  June. 

Refraction  in  Micrometric  or  Photographic  Measures,  A Device  for  Eliminating. 
Ast.  Jour.,  July  22. 

*Refrigerating  Machinery,  and  its  Value,  Dry  Air.  Iron,  April  22. 

Refrigerating  Machines,  Performance  of.  Eng.  News,  July  7. 

^Refuse,  Disposal  of.  Eng.,  Sept.  30. 

Resistance  Standards,  Their  Manufacture  and  Adjustment.  Jour.  Frank.  Inst., 
April. 

Rew  Fuel  Gas  Process.  Am.  Man.  and  I.  W.,  Jan.  8. 

*River  Mouths,  Improvement  of.  Eng.  Build.  Rec.,  Aug.  27. 

*Rivers,  Crossing  of  Great.  R.  R.  and  Eng.  Jour.,  Aug. 

Road,  What  a Wagon,  Ought  to  be.  Eng.  Min.  Jour.,  April  i6. 

^Roofing.  Am.  Arch.,  June  ll. 

Roofing,  Wood  Cement.  Eng.  Build.  Rec.,  Mar.  19. 

Rubber,  Dry  Heat  Method  of  Vulcanizing,  Jour.  Soc.  Chem.  Ind.,  April  30. 

.Salt,  A Lump  of,  and  a Glass  of  Water.  Sci.  Am.  Sup.,  April  30. 

Satellite  to  Jupiter,  Discovery  and  Observations  of  a Fifth.  Ast.  Jour.,  Oct.  4. 
Science,  Recent.  Pop.  Sci.  Mo.,  Oct. 

^Science  and  the  Fine  Arts.  Pop.  Sci.  Mo.,  April. 

Screw  Propellers,  Efficiency  of.  Eng.,  May  6. 

Sea  Water,  Composition  of.  Chem.  News,  Sept.  23. 

^Secondary  Batteries,  Cause  of  the  Changes  of  Electro-Motive  Force  in.  Elec., 
May  20. 

Semet-Solvay  Coke  (Jven,  The.  Am.  Man.  and  I.  W.,  Feb.  19. 
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Sewage  Disposal  at  IsolatedJHouses.  Eng.  Build.  Rec.,  April  9. 

Sewage  at  Large  Institutions,  Disposal  of.  Am.  Arch.,  April  9. 

Sewage  Purification  in  America.  Eng.  News,  July  14. 

Shallow  Flowage  in  Reservoirs,  Influence  of  Eng.  Build.  Rec.,  Aug.  20. 

Siemens  Bros.’  Electrical  Apparatus.  Eng.,  July  8. 

Silicon  in  Foundry  Mixtures.  Am.  Mach.,  June  16. 

Silicon  in  Foundry  Pig  Iron.  Jour.  An.  Ap.  Chem.,  Aug. 

Silver  Chloride,  Action  of  Light  on.  Jour.  Chem.  Soc.,  Aug. 

Silver  and  Gold  in  Base  Metals,  Mattes,  etc..  Method  of  Determining  Small  Per- 
centages of  Jour.  Frank.  Inst.,  June. 

Silver  Nitrate,  Electrolysis  of,  in  Vacuo.  Proc.  Roy.  Soc.,  March  8. 

Smoke  Abatement  in  Cities.  Proc.  Eng.  C.  Phila.,  April. 

•Smoke  Prevention.  Jour.  Ass.  Eng.  Soc.,  June.  R.  R.  Gaz.,  April  i. 

Solenoids,  Variable  Action  of  Two  Coil.  Jour.  Frank.  Inst.,  April. 

Soda  in  Soap,  Determination  of  Jour.  An.  Ap.  Chem.,  Aug. 

Specific  Gravity  Determinations  for  Practical  Purposes,  On  Fluid.  Jour.  Soc. 
Chem.  Ind.,  April  30. 

Staff  _ Eng.  Build.  Rec.,'  June  4. 

Standards  of  Gas  ^Holder  Framework,  The  Exterior  Vertical.  Jour.  Gas  Light., 
July  5. 

Steadying  Vessels  at  Sea.  Eng.  April  15. 

Steam  Arising  from  Boiler  Salt  Solutions,  Determination  of  the  Temperature  of 
Jour.  Chem.  Soc.,  June. 

Steam  Engines. ' Tr.  Fed.  Min.  Eng.,  Aug.  20. 

Steel,  Basic  Structural.  I.  Age,  July  21. 

Steel,  Experiments  with  Basic.  Eng.,  June  3. 

♦Steel  in  Bridge^Construction,  Use  of  Basic.  Iron,  April  i . 

Steel  in  Bridges,  Soft.  Eng.  News,  April  2. 

Storage  Battery  System  of  Street  Railway  Propulsion,  Present  Status  of  Jour. 
Frank.  Inst.,  Aug. 

Street  Paving.'''  Proc.' Eng.  C.  Phila.,  April. 

Struves  Equations' for  the  Determination  of  Aberration,  Solution  of  Ast.  Jour. 
May  24. 

Submarine  Cable  Work.  Elec.,  April  i . 

Sugar  Analysis,  Methods'of  Chem.  News,  July  22. 

♦Sulphur,  Elimination  of,Trom  Iron.  Chem.  News,  July  22. 

♦Sulphur,' Experiments  on  the  Elimination  of,  from  Pig  Iron.  Eng.,  June  3. 
Sulphur,  A New  Process  for  the  Purification  of  Iron  and  Steel  from.  Iron,  Sept.  30. 
Sulphur  Mining  in  Sicily.  Jour.  An.  Ap.  Chem.,  April. 

Superheated  Steam.  Eng., ‘Mar.  25. 

Surface  Tensions  of  Liquids'and  their  Chemical  Constitution,  Relations  between. 
Am.  Jour.  Sci.,  Aug. 

Surveying,  Photographic.  Eng.  Build.  Rec.,  July  2. 

♦Tellurium,  Volumetric  Determination  of  ' Chem.  News,  May  13. 

♦Temperature,  Efiect  of,  on  Tensile  Strength  and  Ductility  of  Metals.  R.  R.  Gaz., 
May  6. 

Ternary  Quadratic  Forms,  The  System  of  Two  Simultaneous.  Am.  Jour.  Math., 
July. 
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Tests  of  Locomotives.  R.  R.  Gaz.,  Jvme  17,  Aug.  26. 

Theaters,  Construction  and  Internal  Arrangement  of  Buildings  designed  to  be 
used  as.  Jour.  Frank.  Inst.,  July. 

Thermo-Chemical  Equilibrium,  A.  Chem.  News,  April  14. 

Timber  Structures  of  Western  American  Railroads.  Eng.,  Sept.  23. 

Tin,  Assay  of.  Jour.  An.  Ap.  Chem.,  Aug. 

Tin  Ores,  Notes  on  Assay  of.  Jour.  Soc.  Chem.  Ind.,  Aug.  31. 

Tin  Plate.  Am.  Man.  & I.  W.  Sup.,  Feb.  19. 

*Tools,  Metal  Cutting.  I.  Age,  Sept.  8. 

Torpedoes.  I.  Age,  April  21. 

Transformer  Cores,  Magnetic  Screening,  Eddy  Currents,  and  Hysterisis  in.  Elec., 
•\pril  15. 

Transformer  Design,  Elec.,  May  20. 

■^Transformer  Predeterminations.  Elec.,  April  22. 

Transformers.  Proc.  Roy.  Soc.,  Aug.  26. 

Transformers,  Efficiency  of.  Elec.  World,  May  28,  Aug.  5.  Elec.,  July  1,  Oct.  8. 
Transition  Curves,  The.  R.  R.  and  Eng.  Jour.,  Oct. 

Tunnel,  The  Severn.  Jour.  Gas  Light.,  April  19. 

*Tum  Outs  for  Double  Guage  Track,  Three  Rail.  R.  R.  and  Eng.  Jour.  April. 
*Type  Setting  by  Machinery.  Eng.  New,  April  9. 

■“^Underpinning  by  Means  of  Grouting  and  Stock  Ramming.  Eng.,  May  25. 

Urea  in  Urine,  Approximate  Method  for  Estimation  of.  Jour.  An.  Ap.  Chem.,  Apr. 

Vacuum  Discharge  Streamers,  Action  of.  Am.  Jour.  Sci.,  April. 

^Variable  Stars,  Contributions  to  the  Knowledge  of  the.  Ast.  Jour.,  Feb.  23. 
Variables,  Transformation  of  a System  of  Independent.  Am.  Jour.  Math.,  July. 
Ventilation,  Laboratory.  Jour.  An.  Ap.  Chem.,  May. 

Ventilators,  Centrifugal.  Eng.,  April  22. 

Vinegar  Manufacture.  Jour.  Soc.  Chem.  Ind.,  June  30. 

Vision  Persistence  of.  Am.  Jour.  Sci.,  Sept. 

Water,  Action  of  on  Glass.  Am.  Jour.  Phar.,  Sept. 

Water  Cooling  Appliances  in  Use  at  a Modem  Blast  Furnace  Plant.  L*high 
Quarterly,  April. 

Water  for  Domestic  Supply,  Qualities  of.  Eng.  Build.  Rec.,  Aug.  27. 

Water  Gas  Apparatus.  Jour.  Gas  Light.,  Mar. 

♦Water  Power  for  Electrical  Purposes,  Use  of.  Elec.,  June  10. 

Water  Supply,  Circumstances  Affecting  the  Qualities  of  a.  Eng.  News,  June  2. 
Waterways  and  Railways,  Uses  of.  Eng.  Build.  Rec.,  Sept.  3. 

Weirs,  Recent  Experiments  on  Flow  of  Water  over.  Proc.  Eng.  C.  Phila.,  July. 
Whaleback  Steamers.  Eng.,  April  29. 

Wire  Rod  Rolling.  Iron,  April  15. 

Wood,  Destructive  Distillation  of.  Jour.  Soc.  Chem.  Ind.,  May  31. 

Words,  Changes  in  Chemical  and  Geographical.  Pop.  Sci.  Mo.,  Sept. 

Yeast,  Hydrolytic  Functions  of.  Jour.  Chem.  Soc.,  July. 

Zinc  Lead  Sulphides,  Treatment  of  Argentiferous.  Eng.  Min.  Jour.,  Sept.  17. 
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AD  VER  TISEMENTS. 


L.  SCHUTTE  & CO., 

OWNERS  OF  PATENTS  and  SOLE  MANUFACTURERS, 

Twelftli  and  Thompson  Sts,,  ■ Philadelphia,  Pa, 


THE  EXHAUST  STEAM  THE  UNIVERSAL  INJECTOR. 

INDUCTION  CONDENSER*  most  complete  and  reliable  Boilc 

Feeder  Known. 


OPERATED  ENTIRELY  BY  ONE  HANDLE. 

Will  LIFT  WATER  TWENTY  FEET. 
Will  TAKE  HOT  WATER  UP  TO  1600 
TEMPERATURE. 


(Seud  for  Descriptive  Catalogae.) 


The 

Eilanst  Steam  iMnctlen  CoMeaser, 

For  STEAM  ENGINES,  STEAMBOATS, 
and  PUMPS. 

Providing  its  own  Water  Supply  under  Suction. 


Using  Pressure  Water. 

THE  WATER  CHECK  IS  PERFECT 
AUTOMATIC  and  NOISELESS. 


(Send  for  Descriptive  Catalogue.) 


CONDENSERS, 

INJECTORS, 


Syphon  Pumps,  Blowers  and  Ventilators,  Air  Compressors  and  Exhausters, 


— FOR  ALL  PURPOSES. — 


AD  VER  TISEMENTS. 
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THE  EEHISH  aNIYEHHIT-Y, 

geUTH  BETHIiBHEM,  PH. 


FOUNDED  BY  ASA  PACKER. 


object  of  this  Institution  is  to  give  a thorough  education  in  Civil,  Mechani- 
cal,  Mining,  and  Electrical  Engineering,  in  Chemistry,  Metallurgy,  Ar- 
chitecture, the  Classics,  and  in  General  Literature. 

Tuition  In  the  School  of  Technology,  SlOO  per  annum ; in  the  School  of  General 
Literature,  $60  per  annum. 


KEQUIEEMENTS  FOE  ADMISSION. 

Applicants  for  admission  must  be  at  least  sixteen  years  of  age,  must  present  tes- 
timonials of  good  moral  character,  and  must  satisfactorily  pass  in  the  following 
subjects; 

MATHEMATICS. 

Arithmetic,  complete,  including  the  Metric  System  ; Algebra,  through  equations 
of  the  second  degree;  Chauvenet’s  Geometry,  six  books,  (for  the  Classical  Course, 
four  books.). 

ENGLISH. 

Grammar ; Geography ; United  States  History,  including  the  Constitution. 

For  admission  to  the  various  courses,  m addition  to  the  requirements  above  given, 
the  examinations  are  as  follows : 

For  the  Courses  in  Science  and  Letters,  Civil,  Mechanical,  Electrical,  and  Mining 
Engineering,  Architecture,  and  Analytical  Chemistrj' : 

ELEMENTARY  PHYSICS. 

For  the  Latin  Scientific  and  Classical  Courses ; 

PHYSICAL  GEOGRAPHY. 

LATIN. 

Latin  Grammar ; CjesaFs  Commentaries,  four  books ; Vergil’s  Alneid,  six  books; 
Cicero,  six  Orations,  including  the  four  against  Catiline ; translating  at  sight;  Latin 
Composition ; Roman  History. 

And  for  the  Classical  Course  only,  in 

GREEK. 

Greek  Grammar ; Xenophon’s  Anabasis,  four  books ; HomeFs  Iliad,  three  books; 
translating  at  sight ; writing  < Ireek  with  Accents ; Greek  History. 

The  examinations  will  be  rigorous,  and  no  student  deficient  in  any  branch  will 
be  permitted  to  enter  in  full  standing. 

For  further  information  apply  to  the  President, 

Robert  A.  Lamberton,  LL.D,, 

SOUTH  BETHLEHEM,  PA. 


AD  VER  TISEMENTS. 


in 


preparatory  Sel^ool 


References : 

R.  A.  Lamherton,  LL.D.,  President  of  Lehigh  Utiiversity,  and  the  Profes- 
sors comprising  the  Faculty  of  Lehigh  University. 


Fifty-two  of  our  scholars  have  been  admitted  to  the  present  Freshman  Class  and 
3G8  of  them  have  been  admitted  to  the  University  since  1880. 

Attention  is  given  exclasively  to  the  requirements  for  admission  to  i.ehigh 
University. 

The  Mathematics  is  in  charge  of  A.  E.  Meaker,  C.E.,  senior  instructor  of 
Mathematics  in  Lehigh  University. 

The  Physics  is  in  charge  of  H.  S.  Houskeeper,  senior  instructor  of 

Physics  in  Lehigh  University. 

The  other  instructors  are  gi'aduates  of  the  University. 

Our  work  is  our  reference.  This  work  alone  has  secured  the  unanimous  endoi-se- 
ment  of  the  University  Faculty. 

Twenty  scholars  are  admitted  as  boardei-s  to  the  house  of  the  Principal. 

For  catalogues  and  particulars  apply  to 


FOR 


iA£7VT.  ULRICH,  Principkl. 

26  New  Street,  Bethlehem,  Pa. 


AD  VERTISEMENTS. 


IV 


CO  TO 

MITMAN, 

THE 

Artistic  Tailor, 

Cor.  Fourth  and  New  Streets, 

SOUTH  BETHLEHEM,  PA. 


BETHLEHEM,  PA. 

MRS.  M.  B.  HORRES,  PROR’R. 


HEATED  BY  STEAM  THROUGHOUT. 


A delightful  Mountain  Resort,  on  the  lines  of  the  L.  V.,  C.  R.  R.  of  N.  J.,  and 
1’.  & R.  Railroads.  Two  hours  from  New  York.  One  and  one-half  hours  from 
Philadelphia.  Scenery  is  Picturesque.  Drives  are  Delightful.  Boating  is  Excellent. 
THE  HOTEL  IS  COMPLETE  IN  ALL  ITS  APPOINTMENTS. 

CUISINE  STRICTLY  FIRST  CLASS. 


GENTS’  FINE  HAND-MADE 

STTOES 

A ST»ECIA-1L.TY. 


DANCING  PUMPS 

.\nd  (ivmnasium  Slippers  in  Full  Assortment. 


REPAIRING  PROMPTLY  AND  NEATLY  DONE. 

J.  m.  SCHNKBEL  & BRO., 

56  MAIN  STREET,  BETHLEHEM.  PA 


V 


AD  VER  T/SEMENTS. 


The  DEANE 

OK  HOLYOKK 

Water  Works  Engines,  Steam  Pumps, 


FOE  EVERY  DUTY. 


nCAMC  CTtAPffl  DIISUID  Pfl  I Holyoke,  Mass.;  New  York,  Boston, 
UuAIiL  w I LAiTI  rUlilr  OUi/ Chicago, Philadelphia,St.Louls, Denver 

Birmingham,  Ala. 


H.  Stanley  Goodwin,  President. 


Tlie  Li 


Walter  G.  Berg,  Engineer.  H.  Comer,  Superintendent. 


OPERATED  BY 


WORKS ; 

Perth  Amhoy,  N.  J. 


OFFICE : 

Washington  St.,  South  of  Gap,  Jersey  City,  N.  J. 


LUMBER,  PILING  and  TIES  CREOSOTEI)  WITH  DEAD  OIL 

OF  COAL  TAR. 

Creosoted  Lumber,  Piling  and  Ties  Furnished. 

Cylliiilers  80  Feet  Long.  Capacity  400,000  Feet  B.  M.  per  lUonth. 

DIRECT  WATER  AND  R.AII,  COM.MUNICATION. 


The  report  of  the  ‘‘Committee  on  the  Preservation  of  Timber”  of  the  American  So 
clety  of  Civil  Engineers  sas's : ‘‘If  the  timber  is  to  be  exposed  in  sea  water  to  the 
attacks  of  tlie  teredo- naval  in  and  limnoria  terebrans,  tliere  is  but  one  antis^tlc 
which  can  be  used  with  our  present  knowledge ; this  is  Creosote  or  Dead  Oil.  If  the 
timber  Is  to  be  exposed  in  a very  wet  situation,  oreosoliiig  is  also  the  best  process  to 
use.  If  the  exposure  is  to  be  tliat  of  a railroad  lie,  creosoting  is  doubtless  the  most 
perfect  process  to  use.” 


A D VER  T IS E ME  NTS. 


VI 


PLATINOTYPES  IN  BLACK  AND  SEPIA. 


CRAYONS,  PASTOLS  AND  WATER  COLORS. 


This  pen  is  specially  adapted  for 
Accountants,  Book-Keepers  and  Cor- 
respondents. It  is  made  of  the  best 
English  steel  by  the  most  experienced 
workmen. 

FOR  TRIAIi,  will  send  a sample 
card,  13  PENS,  different  patterns, 
for  6 cents  in  stamps. 

Spencerian  Pen  Company, 

8io  Broadway,  New  York. 

B.  KBLLBR, 

Jbwbler  AND  Optician, 

Til  Hamilton  St.,  Allentown,  F*a. 


<^o  TO  young  <&  SNYDER, 

Merchant  Tailors  and  Clothiers, 

70  South  Main  Street,  Bethlehem,  Pa. 


AD  VER  TISEMENTS. 


vn 


eft 


F^OBIE 

^ACKS 


^ Established  1846. 

tests  of  materials  made  DAILI, 

p and  CERTIFICATES  FCRM8BED. 

Copied  and  Kept  Confidential. 

FOUHDERS  WORKS: 

St.  aljoye  Master  Street. 


^-oPEeiAt  Machinery^ 


OFFICE  AND  WORKS: 

19  Nirtli  6tli  Street 

PHILADELPHIA. 


40  Years  Experience,  the  Highest  Grade  of  Workmanship  and  Materials, 

COUPLED  WITH  CAREFUL  PERSONAL  SUPERVISION,  ARE  WHAT  MAKE 

GenuineAltenederDrawinglnstruments  Standard. 


THEO.  ALTENEDER  & SONS, 


FOR  A CATALOGUE  ADDRESS 

Established  40  years. 

Each  instrument  is  stamped  with 
MANUFACTURERS,  name  Or  trade-mark  and  warranted. 

THE  DEALER  WHO  OFFERS  YOU  SOMETHING  “jUST  AS  GOOD”  INVARIABLY  HAS  “aN 
AXE  TO  GRIND”  IN  THE  WAY  OF  LARGER  PROFITS  ON  AN  INFERIOR  ARTICLE. 


RESTORE  YOUR  EYESICHT 

Cataracts,  scars  or  fllms  can  be  absorbed  and 
paralyzed  nerves  restored,  without  the  knife 
or  risk.  Diseased  eyes  or  Uds  can  be  cured  b; 
our  home  treatment.  “ We  prove  It.”  Hnn« 
flreds  convinced.  Onr  iUnstrated  pamphlet, 
‘ Home  Treatment  for  EyesP’  free.  Don’t  miss  it. 
Everybody  wants  it.  “ The  Bye,”  Qlens  Falls,  N.Y. 


jOhin  ti.  Hartman, 

TOBACCO  AND  CIGARS, 

Dealer  exclusively  in  Hand  Mad©  Cigars.^Aste^^ 

5M0KERS’  ARTICLES  A SPECIALTY. 

74  S.  MAIN  STREET,  - - BETHLEHEM,  PENNA. 


A.  C.  BORHEK.  BORHEK  & MIKSCH  , L.  A MIKSCH. 

DEALERS  IN 

tfLUMBDR,  COAL  nm  WOOD.# 


YARD: — Main  Street,  West  Bethlehem,  Pa. 


AD  VER  TISEMENTS. 


Nothing  but  what  is  the  very  Latest  in  SHOES. 

PERSON  & RIEGEL’S 

SHOE  DEPARTMENT 

IS  UI^DER  THE  MANAGEMENT  OF 

J,  R.  UBERROTH. 

Agents  for  Hanan  &.  Son,  N.  Y. 

P—  « JACOBY’S 

DRU(  HD  PRESCRIPTIOI  STORE, 

Cor.  Fourth  and  Kew  Sts.,  South  Bethlehem,  Fa. 

JAMES  H.  SHERIDAN,  PHARiVIACIST, 

— =THIRD  AND  LOCUST  STS. 

SOUTH  B6THL6H6M.  PK. 

PURE  DRUGS,  FINE  TOILET  ARTICLES,  Etc.,  Etc. 

"Dp.  X>.  S.  ^0n02,  TDentizt, 

SOUTH  MAIN  ST.,  BETHLEHEM,  PA. 

OFFICE  HOURS:  8 TO  12.30,  2 TO  5.30.  MYERS’  BUILDING. 

EDWIN  G.  KLOSE.  Manager, 

HOOKS  AND  STATIONERY. 

144  and  146  South  Main  Street,  Bethlehem,  Pa. 

NL.  A.  = 

Maker  and  Dealer  m Fine  Shoes. 

FINE  REPAIRING  A SPECIALTY. 

^o.  4:0  Broad  Street,  Betlilelieiii,  Pa. 

G.  BATROM,  ♦♦♦  BOOKBINDER, 

8 EAST  THIRD  ST.  (star  office,)  SOUTH  BETHLEHEM,  PA. 

Books,  Magazines,  Pamphets,  etc..  Bound  in  Leather,  Cloth,  or  Paper.  OLD  BOOKS  REBOUND. 

^ A TRIAL  IS  SOLICITED. 


A.  GRADWOHL, 

DEALER  IN 

DRY  GOODS,  IMS,  GEM  IRCHANDISE, 

FINE  GROCERIES. 

A SPECIALTY,  CATERING  TO  CLUBS. 


xi  AD  VER  TISEMENTS. 

Hotel  Allen,  ■ Allentown,  Pa. 


f^HIS  HOTEL  is  entirely  new,  commanding  the  most  prominent  position  in  the  city.. 

Situated  five  miles  from  the  Lehigh  University. 

'“'V  RATES  $2.50  AND  $3.00  PER  DAY. 

-^^BELEVKTOR  and  all  FIRST'CLASS  facilities. 

The  best  equipped  Hotel  in  the  Valley  for  Banquets,  Class  Suppers,  Balls,  &c. 

R E ST  A U R A N 

connected  with  this  Hotel  is  run  first-class.  Has  POOL  and  BILLIARD  ROOMS 
attached. 

JOHN  H.  HARRIS. 

Prop’r. 


^KOOH  <&  SHANKWEILER,^=^ 

THE  LARGEST  AND  FINEST 

CL0THIN&  • and  * GENTS’  • FURNISHING  * HOUSE  * ill  * the  * VALLEY. 

HOTEL  ALLEN  BUILDING,  ■ CENTRE  SQUARE, 

ALLENTOWN,  P/>. ^ 

An  interesting  place  to  visit — the  great  Music  House  of 

0.  ©.  5§9  ^ariQilton  <§tpeet,  /Hlentown,  (®a. 

Every  known  article  belonging  to  the  music  trade. 

PIANOS  FOR  RENT.— At  reasonable  price,  by  the  Day,  Week,  Month  or  Year. 

VISIT  OUR  ESTABLISHMENT. 


THE  DAVIS  DECORATIVE  COMPANY, 

^lain  and  f^rtsfic 

NO.  20  BROAD  ST..  BETHLEHEM.  PA. 


THE  SUN  HOTEL, 

BETHLEHEM,  PENNA. 


Ti.  M.  !©0er2,  "Proprietor. 


Heated  by  Steam. 


Rates:  $2.00  per  Day. 


A D VER  TISEMEN  TS. 


X 


Scientific  American 
Agency  for 


CAVEATS, 
TRADE  MARKS, 
DESIGN  PATENTS 
COPYRIGHTS,  etc. 


For  information  and  free  Handbook  write  to 
MUNN  * CO..  361  Bboadwat,  New  York. 
Oldest  bureau  for  securing  patents  in  America. 
Every  patent  taken  out  by  us  is  brought  before 
the  public  by  a notice  given  free  of  charge  in  the 

^raeriratt 

Largest  circulation  of  any  scientific  paper  in  the 
world.  Splendidly  Illustrated.  No  intelligent 
man  should  be  without  it.  Weekly,  S3«00  a 
year;  fl.50  six  months.  Address  MUNN  & CO.1 
PUBLISHERS,  361  Broadway,  New  York. 


Uipans  Tabiiles  cuio  hive 


- - REGULATE  THE  - - 

STOMACH,  LIVER BOWELS, 


AND 


PURIFY  THE  BLOOD. 

A RELIABLE  REMEDY  FOR 

Indigestion,  Biliousness,  Headache,  Constipation, 
Dyspepsia,  Chronic  Liver  Troubles,  Dizziness,  Bad 
Complexion,  Dysentery,  Offensive  Breath,  and  all 
disorders  of  the  Stomach,  Liver  and  Bowels. 

Rtpaos  Tabules  contain  nothing  injurious  to  the  most  delicate  constitu* 
tioQ*  Pleasant  to  take,  safe,  effectual.  Give  immediate  relief.  Sold  by 
druggists.  A trial  bottle  sent  by  mail  on  receipt  of  15  cents.  Address 

THE  RIPANS  CHEMICAL  CO., 

10  spruce  Street,  - - New  York  City. 


Ripans  Tabules  : one  gives  relief. 


AD  VER  TISEMENTS. 

MEYERS 


JV'o.  6 South  Main  Street, 

BETHLEHEM,  FA. 


FINE 

nniR  CUTS,  mm  # snnnrGoi 

R.  WELCH’S,^ 

227  Broad  St.,  Rear  P.  O.,  - South  Bethlehem,  Pa. 

Eodoneil  by  the  most  fastidious.  All  work  done  at  residences  when  ordered. 


Schwartz  & Barron 


College  and  School  Text  Books.  Mathematical  Instruments  and 
Drawing  Materials.  Fine  Stationery.  Fountain  Pens.  Blank 
Books,  etc.  We  can  furnish  at  short  notice  Engraved  Visiting 
Cards. 

SCHWARTZ  & BARRON, 

Booksellers  and  Stationers, 

Cor.  Main  and  Broad  Sts.,  Bethlehem,  Pa. 


BROADWAY  HOUSE, 


COR.  BRODHEAD  AVENUE  AND  BROAD  STREET. 


Weston  Barndt,  Proprietor. 


f 


i; 


i 


THE  LEHIGH  (QUARTERLY. 


THE  BETHLEHEM  IRON  CO., 

SOUTH  BETHLEHEM,  PA,,  U.  S.  A., 


MANrF.V.CirKKKS  OF 


PIG  IRON,  STEEL  BILLETS,  SLABS,  BLOOMS. 

H E A\'  Y Steel  Shaetixo 


AND 

FORGINGS. 


, ROBT.  P.  LINDERMAN.  President.  C.  O.  BRUNNER.  Treasurer. 

^ ROBT.  H,  SAYRE,  GenT  Manager.  JOHN  FRITZ,  Chief  Eng’r&  Gen’l  Supt. 

ABRAHAM  S.  SCHROPP,  Secretary.  R.  W.  DAVENPORT,  Ass’t  Supt. 


'Z"OTJ3SrC3-’S 

LEADINQ 

HAT.  CAP.  FUR  and  GFHTS'  FURNISHING  HOUSE. 

CYMNHSIUM  GOODS. 


Largest  Assortment. 

IAIN  STREET, 


Lowest  Prices. 


Latest  Styles. 


BETHLEHEM,  PA. 


I 


t 


TRAUTWINE’S  POCKET  BOOK. 

“Without  d()u1)t  it  has  proved  itself  to  l)e  the  most  u.seful  hand 
hock  in  the  language  for  the  engineering  profession.” — Engineering 
and  Mining  Journal,  Aug.  2^,  1888. 

I .lojis  Wii.EV  & .Sons,  New  York.  E.  & F.  N.  Spon,  London. 


TIMES  PUBLISHING  COMPANY 

Steam  Printers,  Rulers  and  Binders 

Times  Building,  Main  St.  y 

BETHLEHEM,  PA. 

JOS.  A.  WEAVER,  Manager 


SPECIMENS  OF  OUR  WORK 
The  Lehigh  Quarterly 
’91’s,  ’92’s  and ’93’s  Epitomes 
The  Lehigh  University  Register 
The  Lehigh  Burr 


Your  Business  is  Solicited 


V.' 


